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(54) IMAGE DATA TRANSFER DEVICE 

(57)Abstract 

PURPOSE: To transfer image data in a display area of optional 
shape in a dynamic image rapidly to an image memory. 
CONSTITUTION: An address at the time of DMA transfer is supplied 
to a mask data RAM 213 simultaneously with a two-port VRAM 212, 
so that mask data TDATA corresponding to the dot position of 
image data is read from the mask data RAM 213. The mask data 
TDATA is the data of 1 bit/ dot representing a dynamic image 
display area MR, and the level of a write signal/MWR to the two- 
port VRAM 212 is controlled according to this mask data TDATA. 
Since the mask data TDATA is updated according to the position 
and shape of a dynamic image window, a dynamic image of optional 
shape corresponding to the state of the dynamic image window is 
transferred to the two-port VRAM 212 and displayed on a display 
device. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The frame memory which memorizes the image data of the image which is equipment which transmits 
image data to a frame memory, and is displayed on a display device, While having an animation image data supply 
means to supply the animation image data transmitted to said frame memory, and the same image space as said 
frame memory The mask-data memory which memorizes the mask data in which the animation write-in field where it 
is assigned to the same address space as said frame memory, and said animation image data should be written in in 
said frame memory is shown, While supplying the same address to said frame memory and said mask-data memory 
An image data transfer unit equipped with a data transfer means to transmit said animation image data showing the 
animation in said animation write-in field to said frame memory according to said mask data read from said mask 
data. 

[Claim 2] It is an image data transfer unit equipped with a write-in signal conditioning means to adjust the level of a 
write-in signal to be an image data transfer unit according to claim 1 , and for said data transfer means permit write- 
in actuation of said frame memory according to the value of said mask data. 

[Claim 3] It is the image data transfer unit with which said write-in signal conditioning means has a means by which 
the logical operation of said mask data and said write-in signal adjusts the level of said write-in signal for every dot, 
by being an image data transfer unit according to claim 2, and said mask data consisting of 1-bit data assigned to 
each dot of the image displayed on said display device. 

[Claim 4] An image data transfer unit equipped with a renewal means of mask data to be an image data transfer unit 
according to claim 1 to 3, and to update said mask data further according to one [ the location of the viewing area 
of said animation, and / at least ] renewal of a configuration on the screen of said display device so that said 
animation write-in field may be in agreement with the viewing area of said animation. 

[Claim 5] It is an image data transfer unit according to claim 1 to 4. Said data transfer means It has an address 
calculation means to compute the address given to said frame memory and said mask-data memory in case said 
animation image data are transmitted. Said address calculation means The 1st memory which memorizes the offset 
address value which shows the starting position of said animation write-in field in said frame memory. The 2nd 
memory which memorizes the addition address value which shows the difference of the address of the adjoining 
scanning lines in said frame memory, The scanning-line number which shows the sequence of the scanning line 
specified based on the pulse number of said given Horizontal Synchronizing signal according to the Vertical 
Synchronizing signal and Horizontal Synchronizing signal which synchronized with said animation image data. In each 
1 st operation means [ which computes a perpendicular address value equal to the value which carried out the 
multiplication of said addition address value ], and scanning-line top in said animation By adding the level counter 
which generates the level address value which shows the difference of the address from the starting point of each 
scanning line to each pixel on each scanning line, and said offset address value, said perpendicular address value and 
said level address value An image data transfer unit equipped with the 2nd operation means which generates the 
address in said frame memory equivalent to the location of each pixel on each scanning line. 

[Claim 6] It is an image data transfer unit according to claim 1 to 5. Said data transfer means Said image data in two 
or more image data buffers in which specified quantity [ every ] storage is possible, and said two or more image data 
buffers An image data transfer unit equipped with a buffer control means to choose at least one image data buffer in 
which said image data are written, and other at least one image data buffer from which said image data are read in 
predetermined sequence, and to operate them. 

[Claim 7] It is an image data transfer unit according to claim 6. Said buffer control means It is based at least on one 
side of said Vertical Synchronizing signal and said Horizontal Synchronizing signal. NV of said Vertical Synchronizing 
signal It has a Rhine increment signal generation means to generate the Rhine increment signal which has a twice as 
many period as this. Said 1st operation means According to each pulse of said Horizontal Synchronizing signal, it has 
a means to add the pulse number of said Rhine increment signal generated among the two newest pulses of said 
Horizontal Synchronizing signal to the value of said scanning-line number. Said NV in said Rhine increment signal 
generation means By adjusting a value, it is a perpendicularly reducible image data transfer unit about the image 
expressed by said image data transmitted to said 1 st image memory, 

[Claim 8] It is an image data transfer unit according to claim 6 or 7. Said buffer control means An input-clock 
generation means to supply the image data buffer in which the input-clock signal which has a frequency 0 time the 
NH of the frequency of a Horizontal Synchronizing signal of this is generated, and said image data are written as a 
write-in synchronizing signal. An output clock generation means to supply the image data buffer from which the 
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output clock signal which has a frequency HX time (HX is an integer) the frequency of an input-clock signal is 
generated, and said image data are read as a read-out synchronizing signal. It is a perpendicularly expandable image 
data transfer unit about the image expressed by said image data read from said two or more image data buffers by 
adjusting said value of HX in a preparation and said output clock generation means. 

[Claim 9] It is an image data transfer unit according to claim 6 to 8. Said buffer control means Furthermore, NH of 
said Horizontal Synchronizing signal The dot clock signal which has a twice as many frequency as this It has a dot 
clock generation means to generate as a synchronizing signal at the time of writing said image data read from said 
two or more image data buffers in said 1st image memory. Said NH in said dot clock generation means It is the 
image data transfer unit in which expansion and contraction are horizontally possible by adjusting a value about the 
image expressed by said image data transmitted to said 1 st image memory. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
daaages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the image data transfer unit for transmitting image data to a frame 

memory. 

[0002] 

[Description of the Prior Art] As an approach of transmitting the image data given from the outside to the frame 
memory of a personal computer, the so-called DMA (Direct Memory Access) transfer can be used. 
[0003] Drawing 29 is the block diagram showing the conventional computer system equipped with the DMA 
controller for transmitting image data to a Video RAM. The color data Dr by which hue decomposition was carried 
out in three image memory 51 R, 51 G, and 51B at red (R), green (G), and blue (B), Dg, and Db It memorizes, 
respectively. These color data Dr, Dg, and Db For example, it is beforehand made binary with the dither method. 
DMA controller 55 is the binary color data Dr which acquired the royalty of a control bus 54 from CPU59, and were 
remembered to be an address bus 53 and a data bus 52 by three image memory 51 R, 51 G. and 51 B, Dg, and Db. It 
transmits to real time at Video RAMs 56R, 56G, and 56B for a display, respectively. The transmitted binary color 
data Dr, Dg, and Db are sent to the monitor control section 57 through VRAMs 56R, 56G, and 56B, and make a 
monitor 58 display an image. 

[0004] In the case of a DMA transfer, first, CPU59 sends the display starting address in VRAM56R for R 
components to DMA controller 55, and starts DMA controller 55. DMA controller 55 acquires the royalty of a bus 
from CPU59, and is the binary color data Dr of the R component of the 1st line. It transmits to VRAM56R for R 
components, and the royalty of a bus is returned to CPU59 after that. Next, if CPU59 sends the display starting 
address which is VRAM56G for G components to DMA controller 55 and starts DMA controller 55, it is the binary 
color data Dg like R component A transfer is performed. Furthermore, B component is transmitted similarly, the 
time of transmitting the image data of the 2nd line — CPU59 — VRAMs 56R, 56G, and 56B — each display starting 
address of the 2nd line — computing — this — DMA controller 55 — delivery, the binary color data Dr of RGB each 
color, Dg, and Db A sequential transfer is carried out 

[0005] Thus, the display starting address of VRAMs 56R, 56G, and 56B is computed for every Rhine, it teaches DMA 
controller 55, DMA controller 55 responds to this, and CPU59 is the color data Dr of each Rhine, Dg, and Db. By^ 
carrying out the DMA transfer one by one, the color data for the 1 field are transmitted to VRAM56. In addition, "1 
Field" means the image covered by one scan from the upper left comer of a screen to a lower right corner. In many 
cases, INTARESU (interlaced scanning) of 2:1 is performed, and the image of one frame (one screen) consists of the 
2 fields in them. In this way, an animation is displayed on a monitor 58 by carrying out the DMA transfer of the 
binary color data for the about 60 fields one by one in 1 second. 
[0006] 

[Problem(s) to be Solved by the Invention] When the video signal by the NTSC (National Television System 
Commmittee) method is used, the scan period of the horizontal of one line is 63 microseconds. The time amount 
which CPU59 calculates a display starting address and is transmitted to DMA controller 55 in the system of drawing 
29 on the other hand, the time amount to which DMA controller 55 acquires the royalty of each bus from CPU59, 
each binary color data Dr and Dg, and Db If the time amount which carries out the DMA transfer of one line is 
totaled, only the data for the number field can be transmitted in 1 second. This is considered to take the time 
amount for CPU59 calculating a display starting address, or setting a display starting address as DMA controller 55 
beyond the need. Thus, since only the data for the number field were transmitted in 1 second with conventional 
equipment, it was impossible to have displayed a smooth animation. 

[0007] By the way, the personal computer equipped with the multi-window function is beginning to spread quickly 
with improvement in the speed of CPU in recent years, and large-capacity-izing of memory. There are some which 
can display an animation on one of the windows especially. 

[0008] Dxawing 30 is the explanatory view showing the case where still pictures Sla and Sib and Animation MI are . 
displayed on coincidence in a multi-window system. Although it was possible to have carried out the DMA transfer 
of the animation when the viewing area of Animation MI was a rectangle like drawing 30 (A) conventionally, it was 
impossible to have transmitted the image data showing the animation in the viewing area which is not a rectangle. 
Here, the "viewing area" means the field displayed on the screen of a display device. For example, since the viewing 
area of Animation MI was no longer a rectangle when the field of a still picture Sla became active in drawing 30 (A) 
and it was repeatedly displayed on Animation MI like drawin g 30 (B), it was impossible to have displayed Animation 
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MI by the DMA transfer. 

[0009] This invention is made in order to solve the above-mentioned technical problem in the conventional 
technique, and it aims at transmitting the image data in the viewing area of the configuration of the arbitration in an 
animation to a high speed at image memory. 
[0010] 

[Means for Solving the Problem and its Function] In order to solve an above-mentioned technical problem, the image 
data transfer unit indicated to claim 1 of this invention While having the frame memory which memorizes the image 
data of the image displayed on a display device, an animation image data supply means to supply the animation 
image data transmitted to said frame memory, and the same image space as said frame memory The mask-data 
memory which memorizes the mask data in which the animation write-in field where it is assigned to the same 
address space as said frame memory, and said animation image data should be written in in said frame memory is 
shown. While supplying the same address to said frame memory and said mask-data memory According to said mask 
data read from said mask data, it has a data transfer means to transmit said animation image data showing the 
animation in said animation write-in field to said frame memory. 

[001 1] Since mask-data memory has the same image space as a frame memory and is allocated to the same 
address space, the mask data corresponding to the animation image data which should be written in a frame memory 
are read from mask-data memory by supplying the same address to mask-data memory and a frame memory. And 
since animation image data are written in a frame memory according to the mask data in which an animation write-in 
field is shown, the animation image data in the animation write-in field of the configuration of arbitration can be 
transmitted to a frame memory. Moreover, since a data transfer means supplies the address at the time of a 
transfer to a frame memory and animation image data are transmitted, animation image data can be transmitted to a 
high speed. 

[0012] In the image data transfer unit indicated to claim 2, said data transfer means is equipped with a write-in 
signal conditioning means to adjust the level of the write-in signal for permitting write-in actuation of said frame 
memory, according to the value of said mask data. 

[0013] If the level of a write-in signal is adjusted, compared with the approach of controlling animation image data 
and the address with much number of bits, the writing of the animation image data to a frame memory can be 
permitted or forbidden by easy circuitry. 

[0014] Said mask data are constituted from the image data transfer unit indicated to claim 3 by the 1-bit data 
assigned to each dot of the image displayed on said display device. Moreover, said write-in signal conditioning means 
has a means by which the logical operation of said mask data and said write-in signal adjusts the level of said write- 
in signal for every dot 

[0015] Such a configuration can adjust the level of a write-in signal easily. 

[0016] In the image data transfer unit indicated to claim 4, it has a renewal means of mask data to update said mask 
data further according to one [ the location of the viewing area of said animation, and / at least ] renewal of a 
configuration on the screen of said display device so that said animation write-in field may be in agreement with the 
viewing area of said animation. 

[0017] Since the renewal means of mask data will update mask data if the condition of an animation display field is 
updated on the screen of a display device, an animation can be displayed according to the condition of the animation 
display field in the screen of a display device. 

[0018] In the image data transfer unit indicated to claim 5, in case said data transfer means transmits said animation 
image data, it is equipped with an address calculation means to compute the address given to said frame memory 
and said mask-data memory. Moreover, the 1st memory which memorizes the offset address value said address 
calculation means indicates said starting position of an animation write-in field in said frame memory to be. The 2nd 
memory which memorizes the addition address value which shows the difference of the address of the adjoining 
scanning lines in said frame memory. The scanning-line number which shows the sequence of the scanning line 
specified based on the pulse number of said given Horizontal Synchronizing signal according to the Vertical 
Synchronizing signal and Horizontal Synchronizing signal which synchronized with said animation image data. In each 
1st operation means [ which computes a perpendicular address value equal to the value which carried out the 
multiplication of said addition address value ], and scanning-line top in said animation By adding the level counter 
which generates the level address value which shows the difference of the address from the starting point of each 
scanning line to each pixel on each scanning line, and said offset address value, said perpendicular address value and 
said level address value It has the 2nd operation means which generates the address in said frame memory 
equivalent to the location of each pixel on each scanning line. 

[0019] Since a redirecting address is computed by the arithmetic operation by the 1st operation means and the 2nd 
operation means, the address of a frame memory is computed by the high speed and becomes possible 
[ transmitting image data to a high speed ]. 

[0020] Said data transfer means is equipped with a buffer control means to choose two or more image data buffers 
which can specified quantity [ every ] memorize said image data, at least one image data buffer in which said image 
data are written in said two or more image data buffers, and other at least one image data buffer from which said 
image data are read in predetermined sequence, and to operate them, in the image data transfer unit indicated to 
claim 6. 

[0021] If it carries out like this, the timing of an animation image data transfer can be adjusted using two or more 
image data buffers. 
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[0022] In the image data transfer unit indicated to claim 7 Said buffer control means is based at least on one side of 
said Vertical Synchronizing signal and said Horizontal Synchronizing signal. NV of said Vertical Synchronizing signal 
It has a Rhine increment signal generation means to generate the Rhine increment signal which has a twice as many 
period as this. Said 1 st operation means According to each pulse of said Horizontal Synchronizing signal, it has a 
means to add the pulse number of said Rhine increment signal generated among the two newest pulses of said 
Horizontal Synchronizing signal to the value of said scanning-line number. And said NV in said Rhine increment 
signal generation means By adjusting a value, the image expressed by said image data transmitted to said 1st image 
memory is perpendicularly reducible. 

[0023] In the image data transfer unit indicated to claim 8 An input-clock generation means to supply the image 
data buffer in which said buffer control means generates the input-clock signal which has a frequency 0 time the NH 
of the frequency of a Horizontal Synchronizing signal of this, and said image data are written as a write-in 
synchronizing signal, The output clock signal which has a frequency HX time (HX is an integer) the frequency of an 
input-clock signal is generated, and it has an output clock generation means to supply the image data buffer from 
which said image data are read as a read-out synchronizing signal. And the image expressed by said image data read 
from said two or more image data buffers is perpendicularly expandable by adjusting said value of HX in said output 
clock generation means. 

[0024] With the image data transfer unit indicated to claim 9, said buffer control means is NH of said Horizontal 
Synchronizing signal further. It has a dot clock generation means to generate as a synchronizing signal at the time of 
writing said image data read from said two or more image data buffers in the dot clock signal which has a twice as 
many frequency as this in said 1 st image memory. And said NH in said dot clock generation means Expansion and 
contraction are horizontally possible by adjusting a value in the image expressed by said image data transmitted to 
said 1 st image memory. 
[0025] 
[Example] 

A. System configuration : drawing J is the block diagram showing the configuration of the computer system as the 
1 st example of this invention. This computer system is equipped with the body 200 of a personal computer, the color 
CRT 300, and the color liquid crystal display (LCD) 302. The body 200 of a personal computer is equipped with the 2 
port VRAM 212, mask data RAM 213 and D-A converter (DAC) 214, the LCD driver 216, DMA controller 220, A-D 
converter 222, the image decoder 224, and the image input terminal 226. [ CPU202, RAM204 and ROM206. I/O 
interface 208, a video accelerator 210 ] CPU202, RAM204, ROM206, I/O interface 208. the video accelerator 210, 
and DMA controller 220 are mutually connected by CPU bus 201 among these. Moreover, the video accelerator 210, 
and the 2 port VRAM 212 and DMA controller 220 are mutually connected with the local bus (an address bus 228, a 
data bus 229, control bus 230). In addition, DMA controller 220 is also connected with mask data RAM 213 with the 
local bus. 

[0026] In addition, mask data RAM 213, DMA controller 220, A-D converter 222, the image decoder 224, and the 
image input terminal 226 are mounted on the add-in board or expansion card of one sheet 

[0027] The composite video signal VS from a video player or a television tuner is given to the image input terminal 
226. The inputted composite video signal VS is decoded by the image decoder 224, and is decomposed into Vertical 
Synchronizing signal VSYNC, and Horizontal Synchronizing signal HSYNC and the field indication signal FIS 
containing the brightness component of RGB each color. [ a chrominance signal CS (component video signal), and ] 
The field indication signal FIS is a signal which shows the odd number field or the even number field in the case of 
interlace scanning. 

[0028] A chrominance signal CS is changed into a digital signal from an analog signal by A-D converter 222, and the 
digitized image data DS are given to DMA controller 220. DMA controller 220 transmits the image data to the 2 port 
VRAM 21 2, after adjusting the number of bits of the digitized image data. The image data read from the 2 port 
VRAM 212 are given to a color CRT 300 through D-A converter 214, and are given to a liquid crystal display 302 
through the LCD driver 216. 

[0029] Drawing 2 is the explanatory view showing the configuration of the 2 port VRAM 212 and mask data RAM 
213. As shown in drawing 2 (A), the 2 port VRAM 212 is a frame memory which memorizes composite image data 
with a color [ of RGB / each ] of 8 bits for every dot of the screen of a display device (a color CRT 300. liquid 
crystal display 302). Moreover, mask data RAM 213 are memory which memorizes the 1-bit mask data showing the 
field (it is hereafter called "an animation write-in field") of the 2 port VRAM 212 where an animation is written in for 
every dot. Moreover, as shown in drawing 2 (B), the 2 port VRAM 212 and mask data RAM 213 are seen from DMA 
controller 220, and are mapped by the same address space. 

[0030] In the field of H level, the DMA transfer of the animation image data is carried out for mask data to the 2 
port RAM 212, and a DMA transfer is forbidden for mask data in the field of L level. Consequently, as for the 
animation part of the field of H level, mask data are displayed on a display device. On the contrary, in the field of L 
level, an animation is not displayed for mask data, but a background and a still picture are displayed. About actuation 
of the movie display using mask data, it mentions later. 

[0031] D rawin g 3 is the block diagram showing the internal configuration of DMA controller 220. DMA controller 220 
is equipped with the CPU interface 310, the RAM change-over section 604, the OR gate 606, the address change- 
over section 608, 3 State OR gate 610. two 3 State buffer circuits 612,614, DMA address-arithmetic sections 312. 
data output sections 314, DMA control sections 316, the FIFO memory unit 318, and the color tone ready section 
320. 
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[0032] The digital video signal DS given to the color tone ready section 320 is 24 bits (8 bits each of RGB) full color 
image data. The color tone ready section 320 is a circuit which changes this 24-bit digital video signal DS into the 
image data of 16 bits (reappearance of 16,770,000 colors is possible at R:G:B=5:6:5 bit), 8 bits (reappearance of 
60,000 colors is possible at R:G:B=3:3:2 bit), 4 bits (reappearance of 16 colors is possible by the color palette), and a 
triplet (reappearance of eight colors is possible by the color palette) if needed. When changing into the image data of 
4 bits or a triplet, binary-ization by the dither method is performed. Moreover, a color palette is formed in the output 
side of the 2 port VRAM 212. In addition, it is set up by CPU202 according to assignment of an operator into which 
type of image data it changes. However, below, the case where the color tone ready section 320 outputs 24-bit full 
color image data (it is called "component image data") as it is is explained. 

[0033] The FIFO memory unit 318 is stored temporarily at two FIFO memories which build in the image data VD 
given from the color tone ready section 320, and has the function to adjust the timing at the time of data transfer. 
The image data VD (=MDATA) outputted from the FIFO memory unit 318 are held by the latch in the data output 
section 314, and are outputted on the local data bus 229 ( drawing 1 ) through 3 State buffer circuit 614. 
[0034] The DMA control section 316 acquires an address bus 228, a data bus 229, and the royalty of a control bus 
230 from a video accelerator 210, and transmits the image data MDATA to the 2 port VRAM 212. Under the present 
circumstances, the DMA address-arithmetic section 312 computes the address, and that address is supplied to the 
2 port VRAM 212 through 3 State buffer circuit 612 and an address bus 228. 

[0035] The control signal MCONT relevant to a transfer of the image data MDATA contains a DMA request signal / 
DMARQ, a DMA enabling signal / DMAACK, and a write-in signal / MWR. In addition, in drawing 3 , it means that 
that by which the line is drawn on the signal name is negative logic, and the slash "/" is added in front of each 
signal name into the specification. A DMA request signal / DMARQ is signals with which the DMA control section 
316 requires a DMA transfer of a video accelerator 210. A DMA enabling signal / DMAACK is signals with which a 
video accelerator 210 permits a DMA transfer to the DMA control section 316. A write-in signal / MWR is signals 
which make data write in the 2 port VRAM 212. 

[0036] The signals for which it is exchanged between DMA controller 220 and mask data RAM 213 are Address 
TADD. mask data TDATA, and the control signal TCONT. The control signal TCONT contains the write-in signal for 
mask data RAM 213 / TWR, an output enable signal / TOE. In addition, a write-in signal / TWR is outputted from the 
OR gate 606, and an output enable signal / TOE is outputted from the DMA control section 316. 
[0037] The address change-over section 608 is a selector chosen as the address MADD given from the DMA 
address-arithmetic section 312, and the address TADD which gives one side of the addresses MAINADD given from 
CPU202 through the CPU interface 310 to mask data RAM 213. The select signal/TCS which directs the change- 
over in the address change-over section 608 are given from the RAM change-over section 604. 
[0038] The RAM change-over section 604 outputs the chip select signal/VCS for permitting the actuation of the 
write-in port of the 2 port VRAM 212 other than a select signal/TCS mentioned above, and the chip select 
signal/TCSS for permitting the writing of the mask data to mask data RAM 213. The RAM change-over section 604 
has the latch for holding each these signals/TCSes, /VCS, and /TCSS, and holds the level of each signal specified 
from CPU202 through the CPU interface 310, respectively. 

[0039] The OR gate 606 takes the AND (AND) of the negative logic of the chip select signal/TCSS for mask data 
RAM 213, and the write-in signal /MAINWR given from CPU202 through the CPU interface 310, and generates the 
write-in signal given to mask data RAM 213 / TWR. In the period of L level, mask data are written for a write-in 
signal / TWR in mask data RAM 213 so that it may mention later. Although a chip select signal/TCSS serves as L 
level also in case it writes image data in the 2 port VRAM 212, the write-in signal / MAINWR given from CPU202 at 
this time are maintained at H level, a write-in signal / TWR serves as H level, and the store of the data to mask data 
RAM 213 is forbidden. If it puts in another way, a write-in signal / TWR will serve as L level, only when writing mask 
data in mask data RAM 213, and will permit the writing. 

[0040] In case 3 State OR gate 610 transmits image data to the 2 port VRAM 212, it is the gate for carrying out the 
mask of the write-in signal outputted from the DMA control section 316 / the MWE with mask data TDATA. That is, 
if mask data TDATA are H level, the write-in signal outputted from the DMA control section 316 / MWE will pass 
through 3 State OR gate 610 as it is, and will be given to the 2 port VRAM 212 as a write-in signal / MWR. On the 
other hand, whenever mask data TDATA are L level, the write-in signal outputted from the DMA control section 
316 / MWE will be prevented in 3 State OR gate 610, and the write-in signal given to the 2 port VRAM 212 / MWR 
will be maintained at L level. About the detail of such actuation, it mentions later further. 

[0041] In addition, 3 State OR gate 610 and two 3 State buffer circuits 612,614 are maintained at a hi-z state during 
actuation of a video accelerator 210. 

[0042] Drawin g 4 is the explanatory view showing how to carry out the DMA transfer of the image data in the field 
of the configuration of arbitration to the 2 port VRAM 212 using mask data. Usually, the configuration of Animation 
MI expressed by the image data MDATA is a rectangle. The DMA address-arithmetic section 312 calculated the 
address of the animation MI of the rectangle in the address space (namely, space corresponding to the screen area 
of a display device) of the 2 port VRAM 21 2 for every dot, and has given it to the 2 port VRAM 21 2. This address 
MADD is given to mask data RAM 213 at coincidence. Therefore, the mask data TDATA of each dot are read from 
mask data RAM 213, and are inputted into the OR gate 610 at the same time the image data MDATA showing the 
rectangular animation MI are given to the 2 port VRAM 212 for every dot. 

[0043] The value of the mask data TDATA memorized in mask data RAM 213 is 1 (H level) to the field (animation 
write-in field) MR where an animation should be written in in the image space of the 2 port VRAM 212, and is 0 (L 
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level) in fields other than the animation write-in field MR. In addition, since the animation write-in field in the 2 port 
VRAM 212 is equivalent to the animation display field to which an animation is displayed in a display device, below, 
all call an animation write-in field and an animation display field an "animation display field." 
[0044] The OR gate 610 took the AND (AND) of negative logic with the write-in signal outputted from mask data 
TDATA and the DMA control section 620 / MWE, and has given the output/MWR to the 2 port VRAM 212. 
Consequently, when the value of mask data TDATA is 1 , the writing of the image data MDATA to the 2 port VRAM 
is permitted, and when the value of mask data TDATA is 0, the writing of the image data MDATA to the 2 port 
VRAM 212 is forbidden. 

[0045] In the example of drawing 4 , the image data of still pictures Sla and Sib are written in the memory area 
contiguous to the animation display field MR in the 2 port VRAM 212 with the video accelerator 210. If the image in 
such 2 port VRAM 212 is displayed on a display device, the condition that the animation is displayed behind the 
window of still pictures Sla and SIb will be observed. Moreover, since the DMA transfer of the animation image data 
MDATA is carried out to a high speed, the image in the animation display field MR is actually moving. 
[0046] If distribution of mask data TDATA is changed, it is possible to transmit alternatively the animation image 
data MDATA in the animation display field of the configuration of arbitration to the 2 port VRAM 212. In addition, it 
can also be put in another way as mask data TDATA having the function which carries out the mask of some 
rectangular animations MI. If the value of Address MADD and distribution of mask data TDATA are changed, it is 
also possible to change into arbitration the location of the field where an animation is displayed on the screen of a 
display device. Moreover, it is also possible to carry out variable power of the animation for the scale factor of 
arbitration to a horizontal direction and a perpendicular direction into the animation display field of the configuration 
of arbitration so that it may mention later. 

[0047] Since he is trying to control the writing to the 2 port VRAM 212 of the image data MDATA by this example 
by controlling a write-in signal / level of MWR by the OR gate 610, there is an advantage that circuitry is simple. 
Moreover, since the image data MDATA and Address MADD should just output the rectangular animation MI on a 
bus like the case where a DMA transfer is carried out it is not necessary to adjust the image data MDATA and 
Address MADD according to the configuration of an animation display field. That is, since the processing of a DMA 
transfer itself is easy, it can realize a high-speed DMA transfer. 

[0048] By the way, when an animation and a still picture were combined conventionally, the image memory only for 
animations was needed for everything but the frame memory for a display. On the other hand, in the computer 
system by this example, animation image data can be transmitted to a high speed, without needing the image 
memory only for animations. 

[0049] B. Write-in processing of mask data : drawing 5 is the timing chart of write-in actuation of the mask data to 
mask data RAM 213. The writing of the mask data to mask data RAM 213 is performed at the period (it is hereafter 
called a "still picture period") when a video accelerator 210 accesses the 2 port VRAM 212. At the time of the 
writing of mask data, in a still picture period, the output enable signal which the chip select signal/VCS for 
permitting actuation of the write-in port of the 2 port VRAM 212 are maintained at H level, and the write-in 
actuation to the 2 port VRAM 212 is forbidden, and is outputted from the DMA control section 316 / TOE is 
maintained at H level, and it is directed to mask data RAM 213 that it is write-in actuation of data. In addition, since 
two RAM21 2,213 is mapped by the same address, write-in actuation of the 2 port VRAM 212 is forbidden by the 
chip select signal/VCS for preventing that make a mistake in the 2 port VRAM 212, and data are written in, when 
writing mask data in mask data RAM 213. 

[0050] If the select signal/TCS given to the address change-over section 608 ( drawing 3 ) fall to L level, the 
address MAINADD given from CPU202 will be chosen in the address change-over section 608, and will be given to 
mask data RAM 213. At this time, the mask data MAINDATA (=TDATA) outputted from CPU202 are given to mask 
data RAM 213 through the CPU interface 310. Then, a chip select signal/TCSS falls to L level, the OR gate 606 
opens, and mask data TDATA are further written in mask data RAM 213 in the period when a write-in signal / TWR 
was set to L level. 

[0051] In addition, in an animation period (DMA transfer period), mask data TDATA are read from mask data RAM 
213, and it is used for mask processing of the animation explained by drawing 4 . 

[0052] As mentioned above, the processing which writes mask data TDATA in mask data RAM 213 is processing 
performed not by the DMA transfer but by CPU202. Therefore, the 2 port RAM is used for mask data RAM 213, it 
connects with the CPU bus 201, and you may make it write in the direct mask data TDATA from CPU202. 
[0053] Drawjng 6 is a flow chart which shows the procedure of an update process of mask data. At step SI, the 
initial data of mask data is written in the 2 port VRAM 212. They are the mask data in which the thing of the mask 
data written in here in case Animation MI is displayed as the initial data of mask data for the first time is told to, and 
a rectangular animation display field is usually shown. 

[0054] At step S2, CPU202 supervises whether the condition of an animation window was changed on the screen of 
a display device. With the animation window, it is an animation display field on a screen, and the same semantics, and 
the animation write-in field in the image space of the 2 port VRAM 212 is supported. That the condition of an 
animation window is changed may have changed the vertical relation of the lap of an animation window and a still 
picture window, when the size and the location of a window of the still picture which laps with an animation window 
were changed and the own size and own location of an animation window were changed. 

[0055] If the condition of an animation window is changed, a chip select signal/VCS will be started by H level in step 
S3, and the writing to the 2 port VRAM 212 will be forbidden. In step S4, when CPU202 writes new mask data in 
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mask data RAM 213, SUKUDETA in the MAMASUKU data RAM 213 is updated. At step S5. a chip select signal/VCS 
is brought down by L level, and the writing of the data to the 2 port VRAM 212 is permitted. 

[0056] Thus, if the location and configuration of an animation window are changed when a user changes an animation 
window and a still picture window on the screen of a display device, mask data will be updated whenever [ the ]. In 
addition, the mask-data update process of drawin g 6 is realized by ****** in which CPU202 includes a 
predetermined driver (part which makes hardware connect with application software) program. 
[0057] C. The outline of DMA transfer processing of animation image data : drawing 7 is the explanatory view 
showing the image displayed on the display device (a color CRT 300, liquid crystal display 302). Animation MI is 
shown behind the window of two still pictures Sla and Sib by this screen. The DMA transfer of the image data of 
Animation MI is carried out to the 2 port VRAM 212 at a rate of 30 frames per second (60 fields / second). Below, 
actuation of the DMA transfer processing along the perpendicular direction (on Y1-Y2 line) of d rawin g 6 and the 
DMA transfer processing which met horizontally (on X1-X2 line) is explained. 

[0058] Drawing 8 is a timing chart which shows actuation of a vertical DMA transfer. First, if CPU202 gives 
directions of initiation of operation to the DMA control section 316 ( drawing 3 ) ( drawing 8 (a)), the DMA control 
section 316 will output a DMA request signal / DMARQ on a control bus 230. And a DMA enabling signal / DMAACK 
is given to the DMA control section 316 from a video accelerator 210, and DMA controller 220 acquires the royalty 
of a local bus 228,229,230. 

[0059] On the other hand, if Vertical Synchronizing signal VSYNC is given to DMA controller 220 after directions of 
a DMA transfer are given from CPU202, DMA controller 220 will be set to an initial state. 

[0060] Although the back porch period continues after Vertical Synchronizing signal VSYNC, the detail is omitted in 
drawing 8 . In the effective image period after a back porch period, DMA controller 220 outputs Address MADD 
( drawing 8 (g)), the image data MDATA ( drawing 8 (h)), a write-in signal / MWR ( drawing 8 (i)) on a local bus, and, 
as for the period of L level, a DMA enabling signal / DMAACK ( drawing 8 (f)) performs a DMA transfer. Under the 
present circumstances, the same address as the 2 port VRAM 212 is given to mask data RAM 213, and the mask 
data TDATA according to the location and configuration of an animation window ( drawing 8 (j)) are read from mask 
data RAM 213. According to these mask data TDATA, mask processing stated by drawing.4 to a write-in signal / 
MWE is performed. As for the period of H level, a video accelerator 210 uses [ a DMA enabling signal / DMAACK ] a 
bus ( drawing 8 (k) - (m)). 

[0061] Drawing 9 is a timing chart which shows actuation of a horizontal DMA transfer, and shows actuation 
between one period of Horizontal Synchronizing signal XHSYNC of dr awing 8 . In addition, this Horizontal 
Synchronizing signal XHSYNC is a synchronizing signal which specifies the period of 1 level Rhine of the animation 
image data MDATA which the FIFO memory unit 318 ( drawing 3 ) generates based on 1st Horizontal Synchronizing 
signal HSYNC given from the image decoder 224 ( d raw ing 1 ), and are written in the 2 port VRAM 212. 
[0062] In drawing 9 , the address MADD of a DMA transfer and the image data MDATA are outputted on a local bus 
at the period when a DMA enabling signal / DMAACK is maintained at L level. However, since the write-in signal 
with which mask data TDATA are given to the 2 port VRAM 212 between L level / MWR is maintained at H level, the 
writing of the image data MDATA is forbidden. In the period of H level, a write-in signal / MWR falls [ mask data 
TDATA ] to L level for every dot, and the image data MDATA of each dot (RGB data) are written in the 2 port 
VRAM 212. 

[0063] Drawing 10 is a timing chart which shows the detail of the A section (step of mask data TDATA) of drawing 
9 . Address MADD (= TADD) and the image data MDATA are updated by every 1 on a screen dot (1 pixel) so that 
d rawin g 9 may show. Moreover, a write-in signal / MWR falls [ mask data TDATA ] to L level only in the period of H 
level, and the image data MDATA are written in the 2 port VRAM 212 according to this. 

[0064] As mentioned above, since the same address MADD (= TADD) is given to the 2 port VRAM 212 and mask 
data TAM213 at the time of a DMA transfer, the mask data TDATA corresponding to the dot location of the image 
data MDATA on a screen are read. And according to the level of mask data TDATA, the writing of the image data 
MDATA to the 2 port VRAM 212 is controlled. Moreover, since mask data TDATA are updated according to the 
location and configuration of an animation window (animation display field) as mentioned above, the animation of the 
configuration of arbitration can be displayed in the location of the arbitration on a screen. 

[0065] D. The modification of the 1st example : instead of controlling the writing of image data by controlling a (1) 
write-in signal / level of MWR by mask data TDATA, you may make it forbid write-in actuation of the 2 port VRAM 
21 2 by bitwise in the light par bit mode which is a function peculiar to a Video RAM. 

[0066] (2) Instead of using mask data TDATA for write-in control of image data, it is also possible to use in order to 
carry out bit flipping of the image data and to change the color of an animation. Drawing 1 1 is the explanatory view 
showing a part of circuitry in the case of carrying out bit flipping of the animation image data. The bit-flipping circuit 
61 5 is equipped with a number equal to the number of bits of image data of EXOR (exclusive OR) circuits, and is 
established in the latter part of the data output section (refer to drawing 3 ). Mask data TDATA are given to one 
input terminal of each EXOR circuit and the signal of each bit of image data is given to the input terminal of another 
side. When mask data TDATA are 0, the image data MDATA pass through the bit-flipping circuit 61 5 as it is, but 
when mask data TDATA are 1. the value of each bit of the image data MDATA is reversed. Consequently, in the dot 
of 1, the color of the image data MDATA is changed for the value of mask data TDATA. 

[0067] D. The detail of the circuitry in DMA controller 220 : DMA controller 220 shown in drawing 3 has the function 
which carries out variable power of the image in an animation display field to arbitration to a perpendicular direction 
and a horizontal direction while having the function to calculate the address at the time of the DMA transfer of 
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animation image data. Below, the configuration of the circuit relevant to these function and this is explained. 
[0068] Drawing 1 2 is the block diagram showing the internal configuration of the FIFO memory unit 318 shown in 
drawin g 3 . As shown in drawing 12 (A), the FIFO memory unit 318 is equipped with the FIFO control section 321 and 
two FIFO memories 322,324. Moreover, as shown in drawing 12 (B), the FIFO control section 321 has five PLL 
circuits 325-328,510 and corrugating sections 51 1. The 1st thru/or 3rd PLL circuit 325-327 is 0 time as many NH 
as this, twice (NH0*HX). and NH about the frequency of Horizontal Synchronizing signal HSYNC. The doubled signals 
CLKI, CLKO, and DCLK are generated, respectively. Moreover, the 4th PLL circuit 328 is NV about the frequency of 
Vertical Synchronizing signal VSYNC. The doubled signal HINC is generated. Generating signal HSYNC+HX to which 
the 5th PLL circuit 510 doubled the frequency of Horizontal Synchronizing signal HSYNC HX as shown in d rawin g 12 
(C), the corrugating section 511 detects the rising edge, and generates 2nd Horizontal Synchronizing signal 
XHSYNC. This 2nd Horizontal Synchronizing signal XHSYNC is a synchronizing signal which has Horizontal 
Synchronizing signal HSYNC HX time the frequency of the 1st In addition, the set point NHO in each PLL circuit, 
(NH0*HX), NH, NV, and HX are set up by CPU202. These PLL circuits 325-328 are circuits for performing zooming 
of an image, and are later mentioned about the function. 

[0069] In addition, two FIFO memories 322,324 have the function as an image data buffer which memorizes the 
image data of the specified quantity temporarily, and the FIFO control section 321 has the function as an image data 
buffer control section. Moreover, as for the 2nd PLL circuit 326, the 4th PLL circuit 328 has the function as a Rhine 
increment signal generation means as a dot clock generation means as an output clock generation means, 
respectively, as for the 3rd PLL circuit 327, using the 1 st PLL circuit 325 as an input-clock generation means. In 
addition, the 2nd and 4th PLL circuit 326,328 and FIFO memory unit 31 8 demonstrate cooperatively the function as 
a variable power means in which variable power is possible for an image perpendicularly. Moreover, the 2nd and 3rd 
PLL circuit 326,327 demonstrates cooperatively the function as a variable power means in which variable power is 
horizontally possible for the image expressed by image data. 

[0070] As shown in drawing 3 , the image data outputted from the FIFO memory unit 318 are outputted on a data 
bus 229 through the data output section 314. And the DMA control section 316 acquires an address bus 228, a data 
bus 229, and the royalty of a control bus 230 from a video accelerator 210, and transmits the image data MDATA to 
the 2 port VRAM 212. 

[0071] Drawing 1 3 is the block diagram showing the internal configuration of the DMA address-arithmetic section 
312 in DMA controller 220, the data output section 314, and the DMA control section 316. The data output section 
314 is equipped with the latch 364 for holding the component image data VD. In addition, what is necessary is just to 
have a serial/parallel-conversion machine, in gathering the component image data VD by two or more pixels and 
outputting on a data bus 229. 

[0072] The DMA address-arithmetic section 312 has the offset address storage section 330, the addition address 
value storage section 332, the perpendicular counter section 334, the level counter section 336, a multiplier 338, and 
two adders 340,342. A multiplier 338 carries out the multiplication of the addition address value memorized by the 
addition address value storage section 332 and the counted value of the perpendicularly it is outputted from the 
perpendicular counter section 334. The 1 st adder 340 adds the offset address (it mentions later) and the 
multiplication result of a multiplier 338 which were beforehand memorized by the offset address storage section 330. 
The 2nd adder 342 adds the addition result of the 1st adder 340, and the counted value of the level counter section 
336. In addition, the output AD 2 of the 2nd adder 342 serves as the address MADD given to VRAM212 at the time 
of a DMA transfer. The 2nd adder 342 has the tri-state output 

[0073] E. The address arithmetic at the time of data transfer : drawing 14 is the memory map of the 2 port VRAM 
212. 1 word of this VRAM212 is 24 bits, and R component G component, and B component of image data are 
contained in 1 word. Moreover, 1 pixel on a screen (1 dot) is equivalent to 1 word. 

[0074] Drawing 1 5 is the explanatory view showing the correspondence relation between the room of VRAM212, and 
a screen. In this drawing, 640 (50h word) and the scanning-line number of a perpendicular range 81 of the number of 
pixels of the level range 80 of VRAM212 are 199h (= 409). The animation field MPA where the image data of an 
animation are written in by the DMA transfer is a total of the 4-pixel field which has width of face of 2 pixels 
horizontally from the starting position of the 2nd pixel perpendicularly horizontally in drawing 15 at the 2nd line as a 
slash shows, and has width of face of two lines perpendicularly. In addition, an operator specifies the location and 
size of the animation field MPA on a color CRT 300 or the screen of a color liquid crystal display 302. 
[0075] In addition, although the animation field MPA is a rectangular field, as explained in drawing 4 , according to 
distribution of mask data TDATA, only the image data of some fields in this animation field MPA (namely, animation 
display field MR) are written in the 2 port VRAM 212. 

[0076] Drawing 1 6 is the top view showing the animation field MPA on the screen of a color CRT 300. The room 
shown in drawing 15 corresponds by the display screen of the color CRT 300 shown in drawing 16 , and 1:1. 
[0077] Below, since it is easy, DMA transfer processing in case an animation window (animation display field) is the 
same rectangle as the animation field MPA is explained. It only differs in that fundamental actuation of the DMA 
transfer processing shown below is also the same as when an animation window is not a rectangle, and the writing to 
the 2 port VRAM 212 is only controlled by mask data TDATA (refer to drawing .4 ). 

[0078] Moreover, below, an address arithmetic in case interlace scanning does not carry out is explained first and it 
mentions later about the operation of the address in the case of performing interlace scanning. 
[0079] Draw ing 1 7 is the block diagram expanding and showing the address-arithmetic section 312. The offset 
address OFAD memorized by the offset address storage section 330 is the value (51 h) of the offset from OOOOh of 
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start addresses to the address (005 1h) of the write-in starting position of the animation field MPA in drawing J 5 . 
[0080] The address (= 0051 h) of a write-in starting position is determined according to the location of the upper left 
point PI of the animation field MPA ( drawing 16 ) which the operator specified on the screen. If an operator 
specifies the animation field MPA, the address (= 0051h) of the write-in starting position where CPU202 is 
equivalent to the upper left point P1 will be computed, and it will be set as the offset address storage section 330 
by making this address (= 0051 h) into an offset address OFAD. An operator can set the animation field MPA of the 
magnitude of arbitration as the location of arbitration on a color CRT 300 or the screen of a color liquid crystal 
display 302, and an offset address OFAD is set up according to this. 

[0081] The addition address ADAD memorized by the addition address value storage section 332 is equal to the 
number of pixels for the 1 scanning line in room, and is set as 50h in this example. 

[0082] The output MUL of a multiplier 338 and the outputs AD1 and AD2 of two adders 340.342 are given by the 
following arithmetic expression, respectively. 

MU L=ADADx VCNT — (1) AD1=OFAD+MUL — (2) AD2=AD1+HCNT — (3) [0083] If the above-mentioned (1) - (3) 
type is summarized, the output AD 2 of the 2nd adder 342 to each pixel will be given by the following arithmetic 
expression. 

AD2 =(ADADxVCNT)+OFAD+HCNT — (4) [0084] The perpendicular count VCNT shows the scanning-line number in 
the animation field MPA. The level count HCNT shows the location measured from the left end point of each 
scanning line per pixel, and is equivalent to the level address value in this invention. In addition, the output MUL of a 
multiplier 338 is equivalent to the perpendicular address value in this invention. 

[0085] The above-mentioned (4) types are formulas which give the address AD 2 corresponding to the location 
shown at the perpendicular count VCNT and the level count HCNT. In addition, in this example, since it is 
ADAD=50h and OFAD=51h, (4) types are rewritten by the following (5) types. 

AD2 =(50 hxVCNT}+51 h+HCNT — (5) [0086] Whenever one perpendicular count VCNT increases whenever the 
DMA transfer for the one scanning line in the animation field MPA ( drawing 16 ) is completed and the DMA transfer 
of the image data for 1 word of scanning-line top smell each same pixel is carried out so that it may mention later, 
one level count HCNT increases. Consequently, the component image data VD showing the image in the animation 
field MPA are written in VRAM212 according to the address shown with the above-mentioned formula (5). 
[0087] F. Detail actuation of data transfer : drawing 18 is a timing chart which shows the detail of the actuation of a 
DMA transfer shown in drawing 8 . If a back porch period passes and 2nd Horizontal Synchronizing signal XHSYNC is 
set to L level in an effective image period, the level counter section 336 will be reset by 0, and it will be in an 
initiation condition of operation, and count-up of the perpendicular counter section 334 will be started. Here, in 
order to understand actuation of the perpendicular counter section 334, the internal configuration is explained. 
[0088] Drawing 1 9 is the block diagram showing the related part in the FIFO control section 321 with the internal 
configuration of the perpendicular counter section 334. The PLL circuit 327 of the FIFO control section 321 is NH 
about the frequency of Horizontal Synchronizing signal HSYNC given from the image decoder 224. The doubled dot 
clock signal DCLK is generated. Moreover, other PLL circuits 328 are NV about the frequency of Vertical 
Synchronizing signal VSYNC. The doubled Rhine increment signal HINC is generated. In case the Rhine increment 
signal HINC reduces an image perpendicularly so that it may mention later, it is used. Here, a DMA transfer when the 
frequency of the Rhine increment signal HINC is the same as 2nd Horizontal Synchronizing signal XHSYNC is 
explained first. Contraction of an image is not performed when the frequency of the Rhine increment signal HINC is 
the same as 2nd Horizontal Synchronizing signal XHSYNC. 

[0089] The perpendicular counter section 334 has the back porch storage section 402, the comparator 404, the 
back porch counter 406, the perpendicular counter 408, and the latch 410. The back porch storage section 402 
memorizes the number BP of the back porches given from CPU202 through the CPU bus. Here, the number BP of 
the back porches is a pulse number of Horizontal Synchronizing signal HSYNC in a back porch period. 1st Horizontal 
Synchronizing signal HSYNC is given to the back porch counter 406, and 2nd Horizontal Synchronizing signal 
XHSYNC is given to latch's 410 clock input terminal. Moreover, the Rhine increment signal HINC is given to the 
clock input terminal of the perpendicular counter 408. Moreover, Vertical Synchronizing signal VSYNC is given to the 
reset input terminal of the back porch counter 406 and the perpendicular counter 408. A comparator 404 compares 
with the counted value BPC of the back porch counter 406 the number BP of the back porches memorized by the 
back porch storage section 402. 

[0090] The output CMP of a comparator 404 serves as H level at the time of BP=BPC, and serves as L level at the 
time of BP!=BPC. Moreover, the back porch counter 406 is enabling when the output CMP of a comparator 404 is L 
level, and the perpendicular counter 408 is enabling when CMP is H level. 

[0091] If Vertical Synchronizing signal VSYNC is given to the perpendicular counter section 334, the back porch 
counter 406 and the perpendicular counter 408 will be reset Since the output CMP of a comparator 404 is L level at 
this time, the back porch counter 406 is enabling and counts the pulse number of Horizontal Synchronizing signal 
HSYNC. On the other hand, the perpendicular counter 408 has stopped. It will become BP=BPC if only a number 
with the pulse of Horizontal Synchronizing signal HSYNC equal to the number BP of the back porches is inputted 
into the back porch counter 406. Consequently, while the output CMP of a comparator 404 serves as H level and 
the back porch counter 406 stops, the perpendicular counter 408 starts count-up. With the start edge of 2nd 
Horizontal Synchronizing signal XHSYNC. the counted value CNT of the perpendicular counter 408 is held at latch 
410, and is outputted as a perpendicular count VCNT. This perpendicular count VCNT shows the scanning-line 
number on a screen. In addition, when not reducing perpendicularly, the frequency of 2nd Horizontal Synchronizing 
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signal XHSYNC and the Rhine increment signal HINC is equal, therefore the perpendicular count VCNT is equal to 
the pulse number of 2nd Horizontal Synchronizing signal XHSYNC. 

[0092] Thus, the perpendicular counter 408 and the latch 410 have the function as a means to add a scanning-line 
number. 

[0093] The dot clock signal DCLK generated in the PLL circuit 327 ( drawing 19 ) of the FIFO control section 321 is 
given to the control signal generating section 360 ( drawing 13 ) in the DMA control section 31 6. The control signal 
generating section 360 is controlling the level counter section 336 synchronizing with this dot clock signal DCLK. 
[0094] In the period TT 1 of d rawin g 18 , if the DMA transfer of the image data MDATA for 1 pixel (= 1 word = 24 
bits) is carried out the control signal generating section 360 will output the WORD synchronizing signal WSYNC to 
the level counter section 336. In addition, the control signal generating section 360 is carrying out 1 pulse output of 
the WORD synchronizing signal WSYNC for every pulse of the dot clock signal DCLK. The level counter section 336 
counts up one level count HCNT according to each pulse of the WORD synchronizing signal WSYNC. In a period TT 
1, since it is set to VCNT=0h and HCNT=0h in the above-mentioned (5) formula, it is set to 2= 0051h of AD. This 
address AD 2 is equivalent to the address of the upper left part of the animation field MPA shown in drawing 1 5 . 
[0095] In a period TT 2, since it is set to VCNT=0h and HCNT=1h, it is set to AD2=A0052h. This address AD 2 is 
equivalent to the address of the upper right part of the animation field MPA shown in drawing 15 . 
[0096] Thus, in periods TT1 and TT2, the transfer about the 1 st scanning line L1 in the animation field MPA of 
drawing 16 is completed. Therefore, termination of a period TT 2 gives 2nd Horizontal Synchronizing signal XHSYNC 
which shows termination and initiation of the scanning line to the DMA control section 31 6. In addition, this 2nd 
Horizontal Synchronizing signal XHSYNC is a generated signal by doubling HX about the frequency of 1 st Horizontal 
Synchronizing signal HSYNC in the FIFO control section 321, as shown in dr awin g 12 (B). 

[0097] While one perpendicular count VCNT of the perpendicular counter section 334 increases and being set to 
VCNT=1h according to the pulse of 2nd Horizontal Synchronizing signal XHSYNC which shows the ** term of a 
period TT 3, the level count HCNT of the level counter section 336 is reset by 0. After this, the sequential transfer 
of the image data MDATA is carried out by the same procedure as the above at 00A1h of addresses of VRAM212, 
and 00A2h. 

[0098] In this way, after the DMA transfer about all the scanning lines L1 and L2 in the animation field MPA 
( drawing 16 ) is completed, according to Vertical Synchronizing signal VSYNC, the perpendicular counter section 
334 and the level counter section 336 are reset by 0. Consequently, DMA controller 220 stands by until return and 
the image data of the next field are sent to an initial state. 

[0099] Thus, when not reducing an image perpendicularly, whenever the perpendicular count VCNT and the level 
count HCNT are reset by 0 whenever Vertical Synchronizing signal VSYNC is given, and 2nd Horizontal 
Synchronizing signal XHSYNC is given, while one perpendicular count VCNT increases, the level count HCNT is 
reset by 0. Although the perpendicular count VCNT increases according to 2nd Horizontal Synchronizing signal 
XHSYNC and the Rhine increment signal HINC in reducing an image perpendicularly, about this, it mentions later. 
[0100] As mentioned above, the perpendicular count VCNT is counted up according to 2nd Horizontal Synchronizing 
signal XHSYNC and the Rhine increment signal HINC, and counts up the level count HCNT according to the WORD 
synchronizing signal WSYNC. Moreover, since the address on VRAM212 is called for according to the above- 
mentioned (5) types, according to 2nd Horizontal Synchronizing signal XHSYNC, the Rhine increment signal HINC, 
and the WORD synchronizing signal WSYNC, renewal of sequential of the address on VRAM will be carried out. 
Consequently, the image data MDATA showing the image in the animation field MPA are transmitted to VRAM212 
every [ about 1 / ] 60 seconds, and an animation is displayed. 

[0101] G. The address arithmetic in the case of performing interlace scanning : drawin g 20 is the explanatory view 
showing the room of the odd-line field in the case of performing interlace scanning, and the even-line field, and is 
drawing corresponding to drawing 15 . The odd-line field contains only OOAIh of two addresses, and 00A2h among 
the four addresses in the animation field MPA, and the even-line field contains only other two address 0051 Ah(s) 
and 0052A. 

[0102] In interlacing, it registers 2= 51h of offset addresses OFAD for offset address OFAD1=A1h and the even-line 
fields for the odd-line fields into the offset address storage section 330 ( drawing 1 3 ). The offset address storage 
section 330 outputs alternatively one side of these two offset addresses OFAD1 and OFAD2 according to the field 
indication signal FIS. In addition, in the interlace of 2:1, the addition address ADAD becomes twice (=A0h) a value (= 
50h) in case there is no interlace. Thus, according to the above-mentioned (5) formula, the address of image data is 
computable in the case of interlace scanning like the case where there is no interlace, by adjusting an offset address 
OFAD and the addition address ADAD. 

[0103] In addition, also when transmitting the image data for interlacing, it is also possible to write the image data of 
the odd-line field and the even-line field in the same address, without interlacing intentionally. In this case, what is 
necessary is just to use the offset address OFAD in case there is no interlace, and the addition address ADAD in 
common with both fields. 

[0104] According to the above-mentioned example, since the address-arithmetic section 312 of the DMA controller 
220 interior consists of only one multiplier and two or more adders, the address can be calculated at a high speed. 
Furthermore, since a DMA transfer can be performed without needing image memory other than VRAM212, there is 
an advantage that the circuitry of the whole computer system is comparatively simple, and can constitute cheaply. 
[0105] H. Zooming processing of an image : in this computer system, it has the function in which the FIFO memory 
unit 318 ( d raw ing 12 ) carries out zooming of the image. Drawing 2\ is an explanatory view explaining the function 
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expanded perpendicularly, and, as for (a), the output image data VDO and (c) show actuation of two FIFO memories, 
respectively, as for the input image data VDI and (b). However, at drawing 21 (a) and (b), image data after 
[ expedient ] illustrating are drawn in the form of the original analog video signal VS. 

[01 06] As shown in drawing 21 (c), the input terminal and output terminal of two FIFO memories 322,324 are 
switched by turns complementary with the imagination toggle switches 323a and 323b. These imagination toggle 
switches 323a and 323b show equivalent that I/O of two FIFO memories 322,324 is switched by turns 
complementary with the input enable signal RE given from the FIFO control section 321, and the output enable 
signal OE. The input-clock signal CLKI and output clock signal CLKO are given to two FIFO memories 322,324 in 
common. The frequency fCLKI of the input-clock signal CLKI is about 6MHz in fixed frequency, when the video 
signal VS which doubled the frequency of Horizontal Synchronizing signal HSYNC NHO, and was given to the image 
input terminal 226 is an NTSC signal so that drawin g 1 2 (B) may also show. On the other hand, the frequency fCLKO 
of output clock signal CLKO is HX time (HX is an integer) the value of the frequency fCLKI of the input-clock signal 
CLKI (refer to drawing 12 (B)). Namely, the set point (NH0*HX) of the PLL circuit 326 which generates output clock 
signal CLKO is set up by HX time the set point NHO of the PLL circuit 325 which generates the input-clock signal 
CLKI. In this example, it is assumed that it is HX=3. 

[0107] At the 1st period TT 1 1 of drawing 21 (a) and (b), and the 3rd period TT 13, it is the input image data VDI to 
1st FIFO memory 322. It is written in and is the output image data VDO from 2nd FIFO memory 324. It is read. At 
the 2nd period TT 1 2, it is the input image data VDI to 2nd FIFO memory 324. It is written in and is the output image 
data VDO from 1st FIFO memory 322. It is read. Consequently, in the 1st period TT 1 1, the image data about the 
1st scanning line L1 are written in 1st FIFO memory 322. Moreover, in the 2nd period TT 12, the image data about 
the 2nd scanning line L2 are written in 2nd FIFO memory 324. Since, as for the example of drawing 21 , the 
frequency fCLKO of output clock signal CLKO is set up by 3 times the frequency fCLKI of the input-clock signal 
CLKI, in the 2nd period TT 12, the image data about the 1st scanning line L1 are read from 1st FIFO memory 322 3 
times. 

[0108] Dra wing 22 is the explanatory view showing expansion of the perpendicular direction of an image, and the 
situation of contraction. Drawing 22 (A) is the input image data VDI. It is shown and drawing 22 (B) is the output 
image data VDO. It is shown. Output image data VDO It is the input image data VDI. Each scanning line is repeated 
HX (= 3) time every, respectively, and the image is perpendicularly expanded HX (= 3) twice by this. In drawing 22 

(B) , "LI a", "Lib", and "Lie" show that the image data of the original scanning line L1 are outputted repeatedly 3 
times. Thus, it is possible by setting the frequency fCLKO of output clock signal CLKO as the integral multiple of the 
frequency fCLKI of the input-clock signal CLKI using two FIFO memories 322,324 to expand an image 
perpendicularly by the integral multiple. 

[0109] Vertical contraction is realized by the PLL circuit 328 in the FIFO control section 321 shown in drawing J? , 
the perpendicular counter 408 in the perpendicular counter section 334, and latch 410. Drawing 23 is a timing chart 
which shows vertical contraction actuation. The Rhine increment signal HINC ( drawing 23 (a)) generated in the PLL 
circuit 328 is the frequency fVSYNC of Vertical Synchronizing signal VSYNC. NV It has the twice as many 
frequency fHINC as this. 2nd Horizontal Synchronizing signal XHSYNC ( drawing 23 (c)) is the frequency fVSYNC of 
Vertical Synchronizing signal VSYNC. It has the twice (NV0*HX) as many frequency fXHSYNC as this, and the value 
of NV0 is constant value (the case of an NTSC signal NV 0= 262.5) which shows the number of scanning lines (it is 
hereafter called "the total number of drawing Rhine") of the 1 field in the original analog video signal VS. In addition, 
if NV0 and the number of effective drawing Rhine are set to NVL for the total number of drawing Rhine of the image 
expressed with the analog video signal VS and the number of display Rhine at the time of displaying the image on a 
display device is set to NVM as shown in drawin g 24 (A) and (B), it is the set point NV of the PLL circuit 328. It is 
given by the degree type. 
NV =NVM*HX*NV0/(HX*NVL) 

= They are NVM+NV0/NVL, however NVM<=HX*NVL 

[01 10] In an upper type, NV 0= 262.5, NVL=240, and NVM=480 are set to substitution **** and NV =525. 
[01 1 1] The perpendicular counter 408 ( drawing 19 ) counts up counted value CNT ( drawing 23 (b)) according to the 
leading edge of the Rhine increment signal HINC, and latch 410 latches the counted value CNT of the perpendicular 
counter 408 according to the leading edge of 2nd Horizontal Synchronizing signal XHSYNC, and outputs it as a 
perpendicular count VCNT ( drawing 23 (d)). 

[01 12] In the example of draw ing 23 , the ratio (NV/NV0*HX) of the frequency fHINC of the Rhine increment signal 
HINC and the frequency fXHSYNC of 2nd Horizontal Synchronizing signal XHSYNC is 2/3, and the same value is 
repeated once every 2nd according to this like 0, 1,2, 2, 3, 4, 4, and 5 — in the perpendicular count VCNT ( drawin g 
23 (d)). Since the perpendicular count VCNT shows the perpendicular address in VRAM212, the image data of 3 
Motome's scanning-line LI c and the image data of 4 Motome's scanning-line L2a will be written in the 3rd 
perpendicular address VCNT=2. Consequently, the image data of scanning-line L1c first written in the 3rd 
perpendicular address VCNT=2 are transposed to the image data of the following scanning-line L2a. If this is 
repeated, the image data of the scanning line in the location of the multiple of 3 will be thinned out, and a result 
reduced perpendicularly will be brought. 

[01 13] Signs that an image is perpendicularly reduced by actuation of drawin g 23 are shown in drawin g 22 (B) and 

(C) . Image data VDO expanded by HX time by change-over of two FIFO memories 322,324 Although nine scanning- 
lines L1 a-L3c is covered, the 3rd image data of scanning-line Lie are replaced by the image data of that following 
scanning-line L2a in this, and the 6th image data of scanning-line L2c are also replaced by the image data of that 
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following scanning-line L3a. NV/(NV0*HX) Consequently, an image doubles perpendicularly. In addition, since image 
data are beforehand expanded by HX time perpendicularly by two FIFO memories 322,324, it is the scale factor MV 
of a synthetic perpendicular direction. It is given by the degree type. 
MV =NV / NVO — (6) 

[01 14] scale factor MH of horizontal zooming of an image a ratio with the frequency fCLKO of output clock signal 
CLKO ( drawing 21 (c)) at the time of reading image data from the frequency fDCLK and FIFO memory 322,324 of 
the dot clock signal DCLK ( drawing 19 ) at the time of writing image data in VRAM212 — it is equal to 
fDCLK/fCLKO. As drawing 21 was described, the frequency fCLKO of the output clock CLKO is HX time the 
frequency fCLKI of the input-clock signal CLKI, and the input-clock signal CLKI is the constant value according to 
the frequency characteristics of the composite video signal VS. Therefore, horizontal scale factor MH It is given by 
the following (7) formulas. 
MH =fDCLK/fCLKO=fDCLK/(HX*fCLKI) — (7) 

[011 5] Furthermore, the frequency fCLKI of the input-clock signal CLKI is the frequency fHSYNC of Horizontal 
Synchronizing signal HSYNC so that drawing 12 (B) may also show. It is 0 time as many NH as this, and fHSYNC and 
NHO are constants. Moreover, the dot clock signal DCLK is the frequency fHSYNC of Horizontal Synchronizing 
signal HSYNC. NH It has a twice as many frequency as this. Therefore, the above-mentioned (7) formula is rewritten 
as follows. 

MH =fDCLK/(HX*fCLKI 

=fHSYNC *NH /(HX*fHSYNC *NH0) 

= NH/(HX*NH0) — (8) 

[0116] Perpendicular scale factor MV (6) types and the level scale factor MH which are shown The value which can 
be set up from CPU202 in shown (8) types is HX, NV, and NH. It is three and each of these is the set points in the 
FIFO control section 321. These three values HX and NV and NH For example, it is determined by the following 
formula. 

[01 1 7] HX=RND (MV) — (9a) 
NV =NV0*MV — (9b) 
NH =NH0*MH *HX — (9c) 

Here, Operator RND shows the integer which revalued below decimal point of the numeric value in a parenthesis. 
[01 18] In addition, since they are materialized no matter what value may be used for (9b) and a formula (9c) as an 
integer HX, they can also determine the value of an integer HX by formulas other than a formula (9a). 
[0119] Drawing 24 (A) shows the image OR expressed with the original composite video signal VS, and drawing 24 
(B) shows the VRAM space which memorizes the image MR after zooming. Here, it is considering as the 780 
horizontal maximum pixels, 640 effective pixels, 525 vertical maximum Rhine, and 480 effective Rhine. The image MR 
in VRAM space is displayed on a color CRT 300 or a color liquid crystal display 302 as it is. Therefore, vertical scale 
factor MV Horizontal scale factor MH It is equal to the ratio of the size of the window for graphic display set up on 
the display device, and the size of the original image OR. CPU202 is the size of the window for graphic display set 
up on the display device to the scale factor MV, and MH. It computes, above-mentioned (9a) - (9c) is followed 
further, and they are three values HX and NV and NH. It computes and sets up in the FIFO control section 321. 
[01 20] Thus, in the 1 st example of the above, in case the DMA transfer of the image data is carried out to 
VRAM212, zooming of the image can be carried out for the scale factor of arbitration. Moreover, since the display 
position of an image can also be set as arbitration by the address-arithmetic section 312, it is possible to express 
an animation in the location of the arbitration of a display device as the scale factor of arbitration. 
[0121] I. — modification [ of a DMA transfer circuit ]: — the following various deformation is possible also except 
the part relevant to mask data TDATA about the configuration of the circuit relevant to a DMA transfer. 
[0122] It is possible to use RAM of the arbitration which has two or more ports as image memory. Moreover, even if 
it is RAM of only one port in fact, it is also possible to use as image memory what realized the function equivalent to 
the 2 port RAM as switched I/O of a port. 

[0123] It is possible for it to be adapted in this invention also about the case where the video signal of other 
methods, such as a YUV signal by NTSC system instead of the chrominance signal (component video signal) of RGB 
each color, is processed. 

[0124] This invention can be applied, also when elongating the compressed digital image data and writing in into 
VRAM. In this case, what is necessary is just to input the digital image data from the image expanding section into 
the input port (for it to be described as "CD-ROM") of the digital image data DS between DMA controller 220 and 
A-D converter 222. 

[0125] As a circuit which computes the address AD 2 given by (4) formulas mentioned above, the various 
configurations of those other than the above-mentioned example can be considered. For example, the same result is 
obtained, even if it transposes the adder in DMA controller 220 to a subtractor or makes addition sequence change. 
[01 26] Moreover, the multiplier 338 shown in dra wing 13 is replaced with an adder and the counter for count-up, and 
you may make it only the count of the perpendicular count VCNT of the perpendicular counter section 334 add the 
addition address ADAD memorized by the addition address value storage section 332. 

[0127] As shown in drawing 25 , it is also possible to replace the PLL circuit 328 in drawin g 19 with the 1-/N 
counting-down circuit 329. After this 1-/N counting-down circuit 329 is reset and reset by Vertical Synchronizing 
signal VSYNC, it carries out dividing of the DCLK to the dot clock signalsl/N, and generates the Rhine increment 
signal H1NC. Thus, when the 1-/N counting-down circuit 329 is used, there is an advantage that the jitter of the 
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Rhine increment signal HINC can be made fewer than the case where a PLL circuit is used. 
[0128] Drawing 26 is the explanatory view showing the configuration and actuation of the circuit which performs 
interpolation between the scanning lines with a vertical expansion using three FIFO memories, and is drawing 
corresponding to drawing 21 . As shown in drawing 26 (c), this circuit contains three FIFO memories 421,422,423, 
three equivalent switches 431,432,433, two multipliers 441,442, and adders 450. As shown in drawing 26 (a) and (b), 
in each periods TT21, TT22, and TT23, the image data for the 1 scanning line are written in one FIFO memory, and 
image data are read from other two FIFO memories. The FIFO memory in which image data are written, and the 
FIFO memory from which image data are read are chosen in predetermined sequence. D rawin g 26 (c) shows the 
connection condition of the switch in the first half of the 3rd period TT 23. At this time, the image data of the 1st 
scanning line L1 read from 1st FIFO memory 421 are doubled k1 with the 1st multiplier 441, and the image data of 
the 2nd scanning line L2 read from 2nd FIFO memory 422 are doubled k2 with the 2nd multiplier 442. The output of 
two multipliers 441,442 is the output image data VDO outputted from an adder 450 in the first half of a period TT 23 
since it is added with an adder 450. It is set to (L1*k1+L2*k2) ( drawing 26 (b)). Output image data VDO in the first 
half of a period TT 23 if both the multipliers kl and k2 are set with 0.5 here It becomes data which carried out the 
arithmetic average of the image data of the two scanning lines L1 and L2. The weighted mean can be obtained if kl 
and k2 are set as the suitable value which is not 0. In addition, the image data of the 2nd scanning line L2 are the 
output image data VDO as it is in the second half of a period TT 23. It is outputted by carrying out 
[0129] Moreover, the same effectiveness about a vertical expansion and interpolation is acquired also by preparing 
the FIFO memory unit which functions as the FIFO memory unit 318 for making it expand perpendicularly similarly 
between A-D converter 222 and the color tone ready section 320. In this case, the FIFO memory unit 318 of 
drawing 1 2 (A) does not expand the perpendicular direction of the image data VD, but is used as a circuit which 
adjusts the timing of data transfer. 

[01 30] In this invention, the vocabulary of "expanding an image perpendicularly" is meant, not only when expanding 
simply like drawin g 21 , but when expanding interpolating perpendicularly like drawin g 26 . 

[0131] In addition, it is also possible by using the image data buffer of other types, such as RAM, instead of two or 
more FIFO memories to constitute the circuit which has a function equivalent to a FIFO memory unit. It is possible 
by preparing two or more image data buffers and buffer control circuits, and generally, switching two or more image 
data buffers in predetermined sequence by the buffer control circuit to realize the function of a FIFO memory unit 
mentioned above. 

[0132] A function equivalent to the PLL circuit 325 of drawing 12 (B) is realizable even if it uses the circuit which 

carries out the dividing output of the signal CLKO acquired in the PLL circuit 326 by (1/NH0) as an input, and is 

reset with Horizontal Synchronizing signal HSYNC. Thus, although two or more PLL circuits are used in drawingJ2 

(B), it is also possible to realize an equivalent circuit with the combination of a frequency divider etc. 

[01 33] The color tone ready section 320 of drawing 3 may be constituted as a circuit which outputs the component 

image data VD as an RGB code, after a YUV signal performs hue conversion in response to the digital video signal 

DS. 

[0134] In addition, it is also possible to make it include a part of circuit (for example, the DMA address-arithmetic 
section 312 and the DMA control section 316) of DMA controller 220 shown in drawing 3 in a video accelerator 210. 
[0135] J. The 2nd example : drawing 27 is the block diagram showing the configuration of the computer system as 
the 2nd example of this invention. This computer system has the configuration which added VRAM520 as 2nd image 
memory, and the DOS display-control section 522 as an image data-conversion means to the system of drawi ngj. . 
[0136] The computer system of the 2nd example is operating under two managements of an operating system 
(referred to as "OS" below), the 2 port VRAM 212 as 1st image memory is managed by the 1st OS (for example, 
MS-Windows (trademark of Microsoft Corp.)), and VRAM520 as 2nd image memory is managed by the 2nd OS (for 
example, MS-DOS (trademark of Microsoft Corp.)). 

[0137] The formats of the image data memorized by two VRAMs2 12,520 differ mutually, as shown below. The image 
data memorized in the 2 port VRAM 212 are bit map data which expressed each color of RGB with 8 bits for every 
dot of a display device (a color CRT 300 and color liquid crystal display 302). VRAM520 contains text VRAM and 
Graphic VRAM. The character code with which an alphabetic character is expressed when an image is an alphabetic 
character, and the attribute data showing the attributes (the color of an alphabetic character, inverse video, blanking 
display, etc.) of each alphabetic character are memorized by text VRAM. By attribute data, as for the color of an 
alphabetic character, one of eight colors is specified by the triplet, for example. The bit map data which express the 
graphic for every dot are memorized by Graphic VRAM. One color in 16 colors may specify the bit map data of a 
graphic by the case where one color in 8 colors is specified by the triplet, and 4 bits. 

[0138] The DOS display-control section 522 has the function as an image data-conversion means to change the 
image data memorized by VRAM520 into the format of the image data memorized in the 2 port VRAM 212. 
Specifically, the DOS display-control section 522 has the function as a video multiplexer which compounds the 
character generator which changes an alphabetic character coat into bit map data, the attribute generator which 
gives an attribute to an alphabetic character, the color palette which changes the color of graphical data, and an 
alphabetic character image and a graphic. The image data changed by the DOS display-control section 522 are 
transmitted to the 2 port VRAM 212 by DMA controller 220 at a high speed. 

[0139] Dr awing 28 is the explanatory view showing the data transfer path to the 2 port VRAM 212 from VRAM520. 
As shown in draw ing 28 (A), data format is changed into the image data memorized by VRAM520 by the DOS 
display-control section 522, and they are given to DMA controller 220. DMA controller 220 is transmitted to the 2 
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port VRAM 212 with the procedure which explained the image data given from the DOS display-control section 522 
or A-D converter 222 in full detail in the 1st example. In addition, the image data memorized in the 2 port VRAM 212 
are given to a display device. As shown in drawing 28 (B), as for the viewing area corresponding to VRAM520, it is 
desirable that it is smaller than the viewing area corresponding to the 2 port VRAM 212. In this case, the image 
memorized by VRAM520 is displayed on some screens of a display device. In addition, it sets to MS-Windows and 
the viewing area for VRAM520 like drawing 28 (B) is DOS-BOX. It is called. 

[0140] In the 2nd above-mentioned example, there is an advantage that the image data in VRAM520 in which data 
format (DS) differs from the image data in the 2 port VRAM 212 can be transmitted to the 2 port VRAM 212 by 
DMA controller 220 at a high speed, changing data format Moreover, since conversion of data format is performed in 
the DOS display-control section 522 which is hardware, compared with the case where it changes using CPU202, it 
is convertible for a high speed. Furthermore, there is also an advantage that zooming mentioned above can be 
performed also about the image in the display screen of VRAM520. 

[0141] In addition, although managed in the 2nd example by OS from which two VRAMs2 12,520 differ, when it is 
what memorizes the image data of data format with which not only this but two VRAMs or more differ, it is possible 
to apply this invention. 

[0142] Although each above-mentioned example explained the computer system which has a video accelerator 210, 
it is possible to apply this invention also to the computer system which does not contain a video accelerator. 
[0143] 

[Effect of the Invention] Since the animation image data in the animation write-in field of the configuration of 
arbitration can be transmitted to a frame memory, and a data transfer means supplies the address at the time of a 
transfer to a frame memory, since animation image data are written in a frame memory according to the mask data 
in which an animation write-in field is shown according to invention indicated to claim 1 as explained above, and 
animation image data are transmitted, animation image data can be transmitted to a high speed. 
[0144] According to invention indicated to claim 2, compared with the approach of controlling animation image data 
and the address with much number of bits, the writing of the animation image data to a frame memory can be 
permitted or forbidden by easy circuitry. 

[0145] According to invention indicated to claim 3, the level of a write-in signal can be adjusted easily. 

[0146] Since according to invention indicated to claim 4 the renewal means of mask data will update mask data if 

the condition of an animation display field is updated on the screen of a display device, an animation can be 

displayed according to the condition of the animation display field in the screen of a display device. 

[0147] According to invention indicated to claim 5, since a redirecting address is computed by the arithmetic 

operation by the 1 st operation means and the 2nd operation means, the address of a frame memory can be 

computed at a high speed, and image data can be transmitted to a high speed. 

[0148] According to invention indicated to claim 6, the timing of an animation image data transfer can be adjusted 
using two or more image data buffers. 

[0149] NV [ according to invention indicated to claim 7 ] in the Rhine increment signal generation means By 
adjusting a value, an animation is perpendicularly reducible. 

[0150] According to invention indicated to claim 8, an animation is perpendicularly expandable by adjusting the value 
of HX in an output clock generation means. 

[0151] NH [ according to invention indicated to claim 9 ] in a dot clock generation means An animation can be 
horizontally expanded and reduced by adjusting a value. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3!n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the computer system as the 1st example of this invention. 

[Drawing 2] The explanatory view showing the configuration of the 2 port VRAM 212 and mask data RAM 213. 

[ Drawing 3] The block diagram showing the internal configuration of DMA controller 220. 

[Drawing 4] The explanatory view showing how to carry out the DMA transfer of the image data MDATA in the 

viewing area of the configuration of arbitration to the 2 port VRAM 212 using mask data. 

[ Dra wing 5] The timing chart of write-in actuation of the mask data to mask data RAM 213. 

[Drawing 6] The flow chart which shows the procedure of an update process of mask data. 

[Drawing 7] The explanatory view showing the image displayed on the display device. 

[Dra win g 8] The timing chart which shows actuation of a vertical DMA transfer. 

[Drawing 9] The timing chart which shows actuation of a horizontal DMA transfer. 

[Drawing 10] The timing chart which shows the detail of the A section of drawing 9 . 

[Drawing 1 1] The explanatory view showing a part of circuitry in the case of carrying out bit flipping of the animation 
image data. 

[Drawing 12] The block diagram showing the internal configuration of the FIFO memory unit 318. 

[Drawing 13] The block diagram showing the internal configuration of the DMA address-arithmetic section 312, the 

data output section 314, and the DMA control section 316. 

[Drawing 1 4 ] The address map of the 2 port VRAM 212. 

[D ra wing 1 5] The explanatory view showing the correspondence relation between the 2 port VRAM 212 and a 
screen. 

[Drawing 16] The top view showing the animation field MPA in the screen of a color monitor. 

[Drawing 1 7] The block diagram expanding and showing the address-arithmetic section 312 in DMA controller 220. 

[Drawing 18] The timing chart which shows the detail of actuation of a DMA transfer. 

[Drawing 19] The block diagram showing the internal configuration of the perpendicular counter section 334 and the 
FIFO control section 321. 

[Drawjngj20] The explanatory view showing the room of the odd-line field in the case of performing interlace 
scanning, and the even-line field. 

[Drawing 21] The explanatory view showing expansion actuation of the perpendicular direction of an image. 
[D rawing 22] The explanatory view showing expansion of the perpendicular direction of an image, and the situation of 
contraction. 

[Drawing 23] The timing chart which shows contraction actuation of the perpendicular direction of an image. 
[ Dr a w ing 24 ] The explanatory view showing the perpendicular direction of an image, and the situation of horizontal 
zooming. 

[Drawing 25] The block diagram showing the circuitry at the time of replacing the 2nd PLL circuit 328 with a 1-/N 
counting-down circuit. 

[DE§Mngj26_J The explanatory view showing the configuration which performs interpolation between the scanning 
lines with a vertical expansion using three FIFO memories, and actuation. 

[Drawing 27] The block diagram showing the configuration of the computer system as the 3rd example of this 
invention. 

[Drawing 28] The explanatory view showing the image data transfer path in the 3rd example. 
[Drawing 29] The block diagram of a computer system using the conventional DMA controller. 

[Drawjng.30] The explanatory view showing the case where still pictures Sla and Sib and Animation MI are displayed 

on coincidence with the conventional technique. 

[Description of Notations] 

51 R, 51 G, 51 B — Image memory 

52 — Data bus 

53 — Address bus 

54 — Control bus 

55 — DMA controller 
56R, 56G, 56 B— VRAM 
Monitor 57 — Control section 
59 — CPU 
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80 — Level range 

81 — Perpendicular range 

201 — CPU bus 

202 — CPU 
204 — RAM 
206 — ROM 

208 — I/O interface 
210 — Video accelerator 

212 — 2 port VRAM (frame memory) 

213 — Mask data RAM 

214 — D-A converter 
216 — LCD driver 
220 — DMA controller 
222 — A-D converter 
224 — Image decoder 

226 — Image input terminal 

228 — Address bus 

229 — Data bus 

230 — Control bus 
230 — Control bus 
300 — Color CRT 

302 — Color liquid crystal display 

310 — CPU interface 

312 — DMA address-arithmetic section 

314 — Data output section 

316 — DMA control section 

318 — FIFO memory unit 

320 — Color tone ready section 

321 — FIFO control section (image data buffer control means) 
322,324 — FIFO memory (image data buffer) 

323a, 323b — Toggle switch 

325 — PLL circuit (input-clock generation means) 

326 — PLL circuit (output clock generation means) 

327 — PLL circuit (dot clock generation means) 

328 — PLL circuit (Rhine increment signal generation means) 
330 — Offset address storage section 

332 — Addition address value storage section 

334 — Perpendicular counter section (scanning-line number generation means) 
336 — Level counter section 
338 — Multiplier 
340.342 — Adder 

360 — Control signal generating section 
362 — Bus control section 
364 — Latch 

402 — Back porch storage section 
404 — Comparator 
406 — Back porch counter 
408 — Perpendicular counter 
410 — Latch 

421,422,423 — FIFO memory 
431,432,433 — Switch 
441,442 — Multiplier 



450 — 


Adder 


460 — 


Accelerator unit 


462 — 


CPU interface 


470 — 


Image-processing unit 


471 — 


Data bus 


472 — 


Control bus 


474 — 


Image formation control section 


510 — 


PLL circuit 


511 — 


Corrugating section 


520 — 


VRAM 


522 — 


DOS display-control section 


604 — 


RAM change-over section 
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606 — OR gate 

608 — Address change-over section 

610 — 3 State OR gate 

612,614 — 3 State buffer 

AD2 — Address 

ADAD — Addition address 

BP — The number of the back porches 

BPC — Counted value 

CLKI — Input-clock signal 

CLKO — Output clock signal 

CNT — Counted value 

DCLK — Dot clock signal 

FIS — Field indication signal 

HCNT — Level count 

HINC — The Rhine increment signal 

HSYNC — Horizontal Synchronizing signal 

HX — Perpendicular magnifying power 

INTACK — Transfer enabling signal 

L1-L3 — Scanning line 

MH — Level scale factor 

MV — Perpendicular scale factor 

MADD— DMA address 

MCONT — Control signal 

MDATA — Animation image data 

MPA — Animation field 

OFAD — Offset address 

TADD — The address of mask data RAM 213 

TCONT — Control signal 

TDATA — Mask data 

VCNT — Perpendicular address 

VD — Component image data 

VS — Composite video signal 

VSYNC — Vertical Synchronizing signal 

WINT — Interruput signal 

WSYNC — WORD synchronizing signal 

/DMAACK— DMA enabling signal 

/DMARQ — DMA request signal 

/MWE — Write-in signal 

/MWR — Write-in signal 

/TCS — Select signal 

/TCSS — Chip select signal of mask data RAM 213 
/VCS — Chip select signal of the 2 port VRAM 212 
The frequency of the input-clock signal CLKI of fCLKI — FIFO 
The frequency of output clock signal CLKO of fCLKO — FIFO 
fDCLK — Frequency of the dot clock signal DCLK 
fHINC — Frequency of the Rhine increment signal HINC 
fHSYNC — Frequency of Horizontal Synchronizing signal HSYNC 
fVSYNC — Frequency of Vertical Synchronizing signal VSYNC 



[Translation done.] 
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JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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WfiK^nrtN*., *t. BijES&e^iissHM&i*. me 

?x9f-^i liJES&ffi-si t ro»S3tHI_«fc o THE 

*. 

[0015] cro«fcorj:«is:tz«torSii<S^(DU'<;u 

[0016] B*S4lcEKLfcSfe«T-'?l£^SEa-C' 
I*, c? ^>l-, iSJESiS-Tr/W X<DiIiE-tl::£Slf&nijEKi 

ex. fiEHiiisafits^inESbiBroaTSfflitic-a-r 

M. 

[OOI 7] S^/N-fXCDIBEJifcfci^TSiESTSSI 

«<Dttsa<M*r s ti-s t v x ? t—s> msh£sa<? x ? 
■f— s>£H»n-&<d-c. ^-rtu ^aummztsmn 
Ha*tii«rott©ici& i: r as® zma;? z z t a<r* # 
5. 

[oo i 8] SiJKfflSirEKLfcKm^-^SiiSSSST* 
20 I*. bUEt- 9 Kigali. liTEKIBlftfST-SStEai 
^f4Jgf-iJE:7 U-A> =E 'J t SUE^ X ^t 1 — S> > =E 'J 
•hie 7 KUX^HajTST KUXIiiifSSi^. 

*o bUEt- KuxKitj^si*. bUe^u-a^^ 
ywi-fcit5iuE»iffi*afiaa(DBa*fe(affi£*r?t-^-b 

■y hT FUXffiSEtttiSl (D>=E'J i. S!IE7 U— 

A>=e'jrti-fcit4i«?g-r-5iEstais)±o)7 Kuxmg 
S^-riDKT KuxE£Elt-r^S2©> ; E'J i. SUE 

iUCCCT. #S.iti.fcBnE*Tl5i»8{g-^(7)/<;ux?Kic 

BilEJbDKT KUXffit£fgJ|UfcffilcS?LL^i:7 KU 

xffi^sajT'&mi «038»^si. msniniofr£f 
*r-c7)7 KLxxroa£s-r*jp7 Kuxffis^jari)* 

^P^'^V'S! t. HUETl-^-t-y (-7 KUXffl,!:|ilEHE7 

Kux(ii:iiiE*T7 Kux«a,t ^mKr-acini o 

U-A> ; E'jncD7 KUX£^«-r4S2<D35H¥S 

40 [oo i 9] eai7 K^xiii&i ©assists 2 ©35 
sisi-eair set t 4 „ 

[0 0 2 0] K#«6frEeLfcB5MS!7 : -<$'l5i£3ST- 
(i. SIEf-9 Kil^SI*. BUES*«7 r -'S' £r»5£ST 
oEffipIffi'S:ffl»<0fftiftT-^/<»>77t. sTjEa»(0 

R«f-5"<777fl)ff. BilEK^^-^i^SiX^tL 
50 •v7Tt£BfS0))lffT'a«Lrll^$-a-4/<-y7 7fW 
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[0021] ^r*u*. aaiDRif-5/?^7j 

4. 

[0 0 2 2] »*« 7^-EeLfcl8*«T-■5<iE&£^T- 
8H8#05nv fsroisjas^-f 4 ; 5-<'>-i / >v"J;><>t-<s 

x.. lilESiroSUf^SI*. ItJE^HMfi^a)*/^ 
fSSLfciSIE^f W U > > t-«#(D/<;ux»£1i] 

ESS&s^roffii-inSLTL^-^a^ffixTi^,, * 

1HENV BUSIEST 4 Chf-i^T. fllESM OTBM* 

[0 0 2 3] S*«8IcEKLf;ffifc«ir-^I£iSSST- 
NH0ft<nBiBTS£#T4Aa?n-^fi#£±fi)tU 15 

eba«t-* tfsas *t - >/<»37 

^QV^ffl#fl)lia»(DHX« (HXIiBS) Wffi&S 

mt&tita^<7a-j^±^mt. £«b*.4„ ttr. 

MEBiaf avV £)*^8l::fcMt4niJEHX<Dffi£raS 
■T4Cil>J:or. fliJEigSKBBfcfc-x— ?'v'«7i>b 
Steffi $ ftfcfJE!*® -r — 5< f :: o "C a ;b ? *t 4 Bfc® £ 

[O0 2 4] !5*)S 9 C£l L feB*^-? 
EfflSroSfeStf— $ 774'b K^-ttl $ *T,fcfIEB*<|[ 

i=-9 siUEm 1 <db*«:> ^ '} i-ssatrKKDisuae^ 

tLX^.mti> K-y hv'D-y-y-^Jfc^fSSflt^., ^L 
X. WJEKv h9D<; ^^BE^SI-fcMt4flnENH CDffi 

*i4 StlEKfiiT-^ XSOb £ *l 4 BH« £*¥7?r21 l-ffi* 
fc«fcl):|i'J^figT-39 4. 

[0 0 2 5] 

[Hffifl] 

A. yXfAI* *3§l8<Oie 1 <D»M50l|£ L 

— ?«200i. «7-CRT300i, *>7— 
f-(X7U-f (LCD) 3 0 2 t £<S^-Tt,->4„ /«— V 
tlUXij- ?*<*2 0014. CPU 20 2 t. RA 
M2 0 4 i. ROM206i, I / O -f >•? 7 I -f X 2 
0 8i, t'ft7^-t7^2 10i. 27K-HVR 



(5) W5§?7-3066 71 
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AM2 1 2i, 7X^f-5RAM2 1 3<t, D-A^ 
&S§ (DAC) 2 14i. LCDK7^^2 16t. D 
MAD>hD-72 20i. A-DSC&S2 2 2 t . B* 
Sf3-?2 24i. fft$A2)5S?-2 2 6i £01*. "CI' 1 
4o C^f>0)^-?>T', CPU202. RAM204. R 
OM206. I /O-f >$3i-fX2 0 8, fT^T? 
t5l/-92 10. fc«fc7j, DMAD > hD — =5 2 2 O 

t"ft7^t7U-9 2 1 0i. 2 <K — h V R A M 2 1 
10 2i. DMA3> ha — ^2 2 014. □ — (7 
KL/X/«2 2 8. T-9/U2 2 9, «»/U2 3 
0) -C-fflSlc1S8E$nr^4„ fcJS. ^x^f-'jiRA 

M 2 1 3iDMA3>hO- 522 0t,D-*/U<Xt; 

[0 O 2 6] teJ3» -7X-7T— •? RAM2 1 3 £ D M A 
3>hD-7220tA-«gg2 2 2iMf3- 
*2 2 4i»*«A;bMir?-2 2 6li. 1 «t(0tt*7tC- 
fcl*S£SS*- F±lc|?S$*trt>4. 

[0 0 2 7] Bfc&ATOSS?- 2 2 6ICtit'T7i-?'U— 

20 fl/ty3^2-ti^(!)3^y«; t-ltttffi^vs 

It tt«f3-^224ff3-Kfftt, RGB&fe 

YNCi, ^-<-;uKtg5fx<t-^F i sil=«-(B$tt4„ 

7-(-Jl,KfiSS^F I SI*. -<>^-U-X7£5C731S 

4o 

[002 8] fe<S-^CSI4A-D^«S2 2 2IC<fcoT 
30 T^-D^«^t.7 : -^^«^l-«ft$tl-. fy^Wt 
J*lt««f-9DSI*DMA3>hD-72 2 O |C# 
ib^i. DMAH>hO-72 20ll f y^JUbc 
hf:**f-^(Dtf hSJSBSLfcft. ^(DB*^- 
^ f 2 <K — t- V R A M 2 1 2 l-JoiHT 4 „ 2*-hVR 
AM21 2a^a*ffi£^fcB*<S! J r-'?l*- D-A^jS! 
g2 1 45^Lt*7-CRT3 00l:4Abtl. £ 
fc. LCDK7-<'<2 16^LtiSf-fX7U^3 
O 2I-4-*- btli. 
[002 9] S2I1 2*-t-VRAM2 1 2i7X^ 

40 f-?RAM2 i 3ro««^jr-r»WET-2o4. 02 

(A) IC^-Ti: ^1-- 2 7|i-hVRAM2 1 2lt. RG 

/<-TX (A7-CRT30C Mf-(X7W3 0 
2) (7)iEEro€-K-y hSlcEtS-T47U-A> ; EU-C'R 
4o 3=7=. 7X?f-5RAM2 13li, 
"^.tlit 2 tH — hVR AM 2 12 0)Sits£ (JUT. r»)IIiS 

(•'•; KSIzEffi;T4> z E l jr'fe4„ *fc. 12 (B) Ic 
2*-FVRAM2 12i7X9f-9R 
50 AM2 1 3lt DMA3>HD-72 2 0i>bfiTH- 
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<r>7 FisZ.-&f , $iz^vtfy<f2tiTi'>Z>. 

[0 0 3 0] StfHU^UDfUST-teS&flW 
tiL^r— HRAM2 1 2CDMACj3i$*I. 7 

-OTIS*. ^?x^i : -'S'A<HU'<;K73€Baro©iifiiJ 
i'SSchi. -7*?T?-$£ffi(^fc»®«iF(D!i^l:: 

oivci*«aw-a. 

[00 3 1 ] E13(*. DMA3>hD-7220(DW« 

Oli, CPU-r>57i-^X310i:. RAM«]&8i56 
04i. OR^'-h606i. 7h'l/X«S»6 0 8 
t. 3Xf-hORf-h6 10i, 2 OCD3 Xt— I- 
/\-v7T@B6 1 2. 614i, DMA7h - UX;IIffl 

3 1 2i. ^ttl7DSi53 1 4i, D M AfflffllBB 3 1 6 
t. Fl F 0>=E 'jar -y h 3 1 8i, fe!Hg61!3 2 0 

[00 3 2] eiSS8P3 2 0{Z5.z_Z,1xl > <TW)\,tik& 
ffi-^-DSI*. 2 4f-;h (RG8§8f'yh) OT^;L-* 
7-B*<$T-<S>T-fcS., fe!S8|!3 2 0li. :»2 4f 
•y l-©fy^Jl.SHftBfDS?, &m\Z&CX 1 6f»; 

h (R:G:B=5:6:5f-;ht'1 6 7 7 7rfe£ S 
S^gg) . 8 t* -y I- ( R : G : B = 3 : 3 : 2 tf-y h T* 

1 6ftJSI=rfiE) . 3t'-y h (*7-'«l/»H:J;(l 

8fe£Sg|3JfiE) OTIfc«^-'S'K£g|-f ilsH&T'fc*. 

4 tf-y h-f>3 tf-y hOWt^^-^l-BE^-r^li^f-l*, 
T=-c-tf;4l;J:-&2flHbA<3H : T$*i.-S„ Sfc. rt^-^U 
-;Hi2*-hVRAM2 1 2(D!tJ*fll(;ai+f,*l4. 

-^(DffiSlccECrcPU 2 0 2lc^oTS£$*t-5, 
(ML. aTt;l42 4f7hffi^iu*7-i*Sf-? 
( r 3 >^-4-> hB*«ir — ?j £felBffia!3 

2 oA<^©s^ai7a-ri)«#i;oiNT!Jiw-r4o 

[0033] F I F O > =E 'J 3.- 9 h 3 1 8 I*. feSHSI 
SB 3 2 Ofri-S-A^tltztjk&^f— £ VD£WHf*20 
OF I FO^^E'JI--B#lE1tL'C. T : --?eill^(7)'?-l' 
;>yOTt^afiSifSLtn4„ F i FO^E'Ja 

r 7 K3 1 S^biiiAJtlfcKif-JiVD ( = MDA 

ta) (*. T—^aj^Sfls i 4nro i 5-v*T-«»$$*i 

t. 3Xf — h A -y 7 7BB 6 1 4 f^ttD — 
T-^U2 2 9 (01 ) ±ICffi*l?;H*. 
[0 03 4] DMAfl|ffliaS3 1 6 14. 7 KU*/<*2 2 
8i, f-?/U2 2 9t. I|»;tt2 3 0<7)<£ffl«£ 

t'T^-T-S'-b^u— $> 2 i oa^smu B*®t-^M 

DATAJ2-K-KVRAM21 2l:Kit4. -CD 
R. DMA7KU7.3III13 124<7KUX?iaU 
3Xf-h;i7:7B»6 1 2&£V7 K1/X/U2 2 
8£t>LT2tK- h VRAM 2 1 2l:^C07Kl/Wi 



[003 5] S*S> J f-^MDATACDIEiSlrgail-r43 
> hO-JKS^MCON Tl*. DMAl3Rfif/DMA 
RQ<t. DMASSIBf/DMAACKi. S&fS^t/ 

r/j i<ttio$*i.Ti^. dmasss^/dmarq 

I*. DMA«B»3 1 64<t"ft79t 7U-9 2 1 0 
ICDMAS5i££g#-f -S«-5|T-$,£o DMA8*oT«4t/ 
DMAACKIi. tfT*7t>-tl3 U— ? 2 1 OtfDMA 
«H9W3 1 6I^DMAEii$S ! F^I-r*«-^T-fe-& 0 2& 
fg^/MWRI*. 2^°-hVRAM2 1 2 flT-^cTJS 

[0 0 3 6] DMAD>hD-7220i7^?f-? 
RAM2 1 3 <t©rar-3E^$H^<S^-|i. T FUXTA 
DDi. 7^f-nDATAi. D > h □— JHS-§- 
TCONTffei. 3>hD-JI,|g^TCONTtt, ^7 
X7f-*RAM2 1 3<Dr=<*)CDeiX<S-^/TWRia3 

TM*- ?JH8f/TOEi £$A>T? fcfc. 
fi-^/TWRIAOR'T-"— h6 0 66>^>aj7a$^» ttJ73-< 
^-7";ue^/TOE(*DMAaiWffl53 1 efrimt>2 

[0 0 3 7] 7K UX<2J&g5 608l», DMA7FUa 
iSSCBS 3 1 2 4 s b4x. "oiT-tcT KI/XMADDt, CP 
U0^7ia31 0£t>LTCPU 2 0 2frb4i 
t>^r;T Kl/XMA I NADDC07*>O-7Jf, 
T-5RAM2 1 3t-§-S.-ST Fl/ZT ADDi LTg 
Kt-S-feUfS'-C-ia*. T KUX«J»8U6 0 8fcJ3l-r4 
ttHft£«*T4-feU? h<S#/TCSI*. RAMttl&ffl 

6 0 46\b-i-^.bHrt>-s. 

[0 0 3 8] RAMfflSiii6 0 4li. iJE L til h 
<S^-/T CS OJffilC. 2*-hVRAM2 1 2 C0SM 
-h(DIW£#^Sfc<fcro^-y >M2U<7 hgf/VC 
Si. 7^7f-5RAM2 1 3 ^ff)7X^f- -S> (735 

R AMttJ«SH6 0 4 1*. C^b(7)S-«^/ 
TCS. /VCS. /TCSSJR)|t4/:f)ffl7 7f 
St LTJb'y. C PU-O-? V i-f X3 1 0 £5>LT C 
PU2 0 2£^ffi£Sfl7;&«^<DU'<7L£^-*i-5--;tT.g 

[00 3 9] ORT'-h6 0 6I±. 7X7f-?RAM 
2 1 3 OfcftOf f 7-b U7 h (S^/ T C S S i , CP 
U-0-9 7X-CX31 Of*LTCPU 2 0 2^t,^-i 

b*i432ffl?/MA I nwr icoaSftilOSHSffi (A 

ND) SlSot, 7X5f-?RAM2 1 31=^.^.5,5 

/TWRtfL U^;UC0SSraiCfcl,>T7X<7 7 ; — 

C "T — 9 RAM 2 1 3ICS^ii^n-&„ f';7tl/y h 

S^/TCSSIS. 2*-l-VRAM2 1 2l;»(gf- 
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U2 02^t>#X.btl,i)Siifi^-/MA I NWRi'Hl/ 
"^UcSfcftT. Sii«^/TWRA<H U^JUttty. 
7^5f-^ R AM 2 1 3 — CD^— ^(D5iiA f S±5^L 

7Xi?f-9RAM2 1 3 tS$JiC v B#lr(D^L U-"«.JU 

[004 0] 3 Xt- hOR ^— K610tt. fasti- 
s' £ 2 tK— I-VRAM2 1 2IC5Si2|-r*(SI-, DMAfl 
f9W3 1 6^bSi*JfttSiiS^/MWE5-7X9f 

— ■5 TD A T All^-DT^Xf ti>-tzlh(Df— hT'$> 
•5>. T«*?*k 7Xff-?TDATAi<HU^UT'6 
ftfS. DMA*I8D81!3 1 6 ;tr>S> SB 2) cFtlfcSiiS-^/M 
WEi<3^T— HORf- h6 1 O £^-05S£iii§L. 
SiilS§/MWRiLt2*'-hVRAM2 1 2rc4-K. 
■E>*t-&o — ^XiJf-^TDATAi'LU^I/tfi 
*ltf. DMAWWW3 1 6^t,ltJ*I$tLfcBii«^/M 
WEi<3 X-T— KORV- h 6 1 O-eEitSfrlT, .2 «K 

— hVR AM2 1 2l^4-^L€>*l4Sii«^/MWRI*« 

[ 0 O 4 1 ] fcJS. 3 h O R y— heiot. 2 

-3ffl3Xf- H/\->7TiHl»6 1 2. 6 14 1*, t*7=* 

7^7i/-$2 i orofflfft j i*/\^ • -OfcT— ' 
[0042] H4i*. 7X9f-->fSfflLt. esro 

ffJttO)fSlSEF*JOWi®T-9 £ 2 #K— HVRAM212I: 

DMAei£-r-s^ats*-riftWEir-s.^„ a«i*. 

f-?MD AT AT-SfrSttSSbHIM I (OtemtmZX 
DMA7 KUX;lSSSi5 3 1 2 I*. 2 h V R A 
M2 1 2 057 KUXffiPaT (Tte^S^TvWxroiBE 

hSICiSSLT 2*°— h VRAM 2 1 21:-? 
^TO*. Z.07 h'UXMADDtt. 7X5f-5RA 
M2 1 3IC=t,|s]B$tC- ! 5-jl'b*l.'&o flfc^f. «»0)BIM 
I SSbTKSf -9 M D A T A 4? f-- 7 f-SlC 2 t:- h 
VRAM2 1 2IC^-^.b^4i:|g|B#l-. %■ K -y h(7)TX 
9f-9TDATA4<7X^f-9RAM2 1 3^t,H 

[0043] 7X5f-5iRAM2 1 3 MtcSStl 5 tlX 
l^7^^f-?TDATAroltt. 2Jt?— hVRAM 

(l)®Sji««) MRlr«LT(*1 T-fe 
y. »HSiifiWMRJJL>1-©fltttT-(*0 T? 
Ib&.Kti. 27tt'-hVRAM2 1 21-fil+^aES^ 

sttKicwiSL-c^aro-c-. iii-FT-i*»)ne&«H«<t» 

[0044] ORf-h6 1 Oli. 7X^f-5iTDA 
TAi. DMAHWS6 2 0 A^£b*l £ *l-S3&«^/ 



(7) ftKJ¥7-3 0 6 
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MWEircDftssarottsa (and) sisy. ^oaj^ 

/MWR52*'-hVRAM2 1 2IC4«l^„ CCD 
IS3L 7^5f-$iTDATA0Wl©)i§l:tt2it; 
— h V R A M^OTBfc&T— 9 M D A T A (DSii**)^* aj 
7X^f- ?TDATA(Dfili<0<DJiS-[C[i27K 
-HVRAM2 1 2'M»H*Sf-9MDATAtf)Siiiy 

[0 O 4 5] m4<nmi~ti^X. 2lH— KVRAM21 

2 W(OiSiSa*faiSM r I- Big Lfcj'f'J «B«l-(i, » 
10 tIS I a. S I bff)««T— 9i<t* J r7|-7^-b i 5U- 
* 2 i oicfc-oTS^iiSftTi,^. c«<t^5 2*- 
KVRAM2 1 2W(Dtt®i<«*T r /<-CXIia*$n4 
t. PihIBS I a. S I bfflO^ > (7)5*5 T- ©IMA* 

•5>MD A T AliSiSClDMAlS&Sft-SCDT'. ©Ufa* 

SI«MRrtrott«i*3l|g(r»iL>rL->4. 

[0 0 4 6] 77.5f-JTDATA 111" tl 

A T A 2 tK- KVRAM2 1 2 CUEiST ■& C 

20 iMBIfigT-fe^o 'SJo. 7X5f-?TDATAtt. *§ 

K.4Citt'#4. 7h'l/XMADD(Bli7X7f- 
9 TD A T A<DttS)££S-f*U*\ «*T/<-<X(DIaB 

tt(D®iW!S.m$®P : ii~fi^x. wimzK^ntmrn.* 

[0 0 4 7] CroSliSfflT'l*. OR7-H6 1 ot<ty 

siifg-^/MWRcou'<;usiiiiiiai-r'5ciic e fc-Dr. b* 

30 if—9MDATA(02*-hVRAM2 1 2^©S2s 

a&l^ffl&^&S. £fc. *«f-?MDATAi7 
Kl/XMADDIi, *S»tf>8]lfiM I £DMAS£i£T&*f 

DAT At7 Kl/XMADO £SnSa*Sl«roflStftl::[S 

■^■(OttO (iKWtt (DT'SSEfc D M A Kit 5Ci 

[0 0 4 8] a*i±. ssutPitiBisffl^ 

40 Sfr-£*«£lcl*K*fflOT7U-A>*'JOTttl::»ilESp 

&X2t>. 

[0 0 4 9] B. 7X9f- 9(D*iXS!lS : E]5(*. "7 
X{7f-?RAM2 1 S^CO-yX^-^OTSiXSJtfccD 
9^ = >'?f l—ht'fci. 7X5f-5 RAM 2 1 3 
^CD?X?T — CDSii^tt. t"ft7^t7 L/—- ? 2 
1 04<27tt- KVRAM2 1 2 SMPbI (Ul 
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$o)&&*mza. nhtnwinmcjsivc. 2*-i-vr 
am 2 i 2 0)sa*- homtz&^tztzihmT-jz? 
-tu? hfif/vcsi<Hi/'<JU;Sfc*ir 2-K-hv 

J<H U^lUlSm^X^f-? R AM2 1 
9<DS&*atfn:'S5&::<t;6<J6*$;h.*. UH. 

-b hSf/VCSII<t-3t2#-hVRAM2 1 2 
CDSJiib^^^lfr-SOil*. 2O05RAM2 12. 2 1 

7f-?RAM2 1 3 \^7.0=r— V SS^iit,-B#lr 2 
#-hVRAM2 1 2ICF B ^Sor J f— ■S'6<S$JX^-S 

[OO50] 7FL.XfflffiS6 0 8 (S)3) 

HSf/TCS4<L O^MZiLTZt. CPU 

2 0 2^iE>-!3-;l£>;h.fcT KUXMA I NADD4'7 KU 
X«l»ffl6 O 8-eaR?*lt^X^f-5'RAM2 1 3 

l:4^.bhi„ Z(DB#. CPU2 0 24^blii*cfltt7 

X^f-9MAINDATA ( = T D A T A) tCPU 
-{>$7i-fX31 O^LT7X^f-iiRAM2 1 
3lc4-^.^n-i.„ *<D?fe. f^tl/fl-fflf/TCS 
S A<L U-<JU:iTotOR^- h 6 O 6 #93$. £b 

ic. tiilS^/TWRii<L u^jui'SofcSBfai-St^ 

T, 7X5T-5RAM2 1 3l:7X^f-?TDAT 
A6<3iifM„ 

[005 1] fcfc. SJUHSSFbI (DM ASSESSED tcfcl^ 

ri*7X{?f-5RAM2 1 34>b?X5f-^ TD A 
T ABBESS £ftT. 04t?BiWLfc«lIB<D-7^f fflSIC 

[0052] -taLfc«fc^lC. 7 7.^f-?RAM2 1 

3 l:7X7f-'?TDATASafiit;ffill*DMAB 

5St?i*ns<. cpu2 0 2ic<t-3ri??7$^'5«!iaT'R 

S. ftot. 7X?f-^RAM2 1 3IC2^— h R A 
MWTCPU/a20 1 [CfSIKL. CPU 2 0 24' 
t»B1S V 7. 0 =f-9 T D A T A JXC;«fe 7 I- L T t 

[0 0 5 3] 061*. VX^^-^tDSSrfflSO^-llS 
ifxt^D-fl— h-C64o ^T'^SIt'li, -?x<7 
; T — '?<r>Vm"T— / ?tf2T$— h VRAM 2 1 2 ICStJX 

TtbSM I A<**fH-5>l©(cS#jXSn-5)7X'?7 : -'? 

[0 0 54] Xfv7S2t'li. CPU2024'. 

snfe^gA^Mtat-*. aEO-oKOti*. bb± 

<D®bH«*«l)Sil=ii:Sl»T'6y. 2^-l-VRAM2 
l 2(DiS«Sfyil;J3l+S»llSSii«i«ElC«lCLri>4. 
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J3*U. aBO-OKOiffitB^-f > 

[0 0 5 5] aE^-OK^rottStfSEM x 
x-y^ssrcfciNT^-y^trb-? hfi-f-/VCSi<HU 

^/WCiEjllf 2*'-hVRAM2 1 2 ^OTSii^ 

6 ? S±?tL4. 7^S4flj;, CPU202i<7X 

7f-5RAM2 i sfcSifcfc-vx^T— S SStiitr 

Ctl:iot. 77X^f-?RAM2 1 3P)5)X5f 

10 -*£Hfrt-*. -v^s ST-li. =f- -v ^-tr h<S 

^t/VCStfL L^UCjl^TIf b*U 2*"-hVRA 

M2 1 2~-OT^-9(DS&*ri<8 i FRT?:h.-£)„ 
[0 0 5 6] C(0<k5IZ. a— tW^^r/W X(DBB 

S>T-3<S9rS&S(*CPU2 0 2ri<3f£(75 K5-f/\ (T 
^ 'J >r- ■ > a > v 7 h t /\- KtJ 1 7 

20 Z. 

[0 0 5 7] C. aB»«^-'9roDMAei3l«&S(7)«{ 
S:®7I4. 5Sf/W 7. (*7-CRT300, «S 

f-fX7"u-f302) ic«js$nfc««5*-rwwEr- 

COHBICI*. 2-3(0»Ji:BS la. SlbWO 

•< > t-'oro^^ic. wiwm \ tfmmztix^z. ism 

llDBiSf-J'li. WIK.IS3 0 7U-i/» (6 0 37-f 
-JI-K/fS) fflill&T'2*'-hVRAM2 1 2 [CD M A 

Hi&Zti&. aTT?l*. 06©Sit^iai (Y1-Y28 

±) icseofcDMAiiaisaat. ui-x2 

30 BLt) IC;Sot;DMAl£^i!ia©a^COt>TK^-r 

[0 0 5 8] 0 81*. SS^ISKDDMAeiSoa^^* 

t$<< 5 hT'$>S„ £t\ CPU 2 0 2A<D 

MA»l®g1i3 1 6 (S3) ICaf*Ba*S<D!655*£-£;L*<t 

(S8 (a) ) . DMA«pa!3 1 6 4<DMAl*(S^ 
/DMAROS3>hD-Jua2 3 O Ji ICiii 
f Lt. ff*79t7U-9 2 1 0fre,DMA#m«> 
3 1 6ICDMASifpH§-%/DMAACKA^^i^r. 
DMA3>hD-72 2 04?D-J]Jl,AX2 2 8, 22 
40 9. 2 3 0CDffiffi»£BS#f 

[0 0 5 9] — ^. C P U 2 0 2 4'bDM A15i£(D*gip 
tfJ,.* b^fcSICSBISI^e^V S Y N C A<D M A =J > 

hD — 52 2 OlZ-S-mtl&t. DMA3>l-D-72 

2 oi^JtSttSilc-b-y 

[0 0 6 0] SBISlfflffi^VS YNC(DaiCtt/<-y-9# 

M A oJS^/D MAACK (08 (f) ) tfLls^ll 
(DMWt. DMA3>hD-5220 6<T KUXMAD 
50 D (118 (g) ) £«MftT— 9MDATA (13 8 



(9) 



P7-306 6 7 
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(h) ) tS&fS^/MWR (®8 ( i ) ) i?D-* 
^/N'^il-ajaLTDMAJESSfrfc^o -(DEL 
9f — $ R A M 2 1 3fZt 2-te— KVRAM2 1 2iH 

cr Kux*«-*jL&*irfey. kub^ > roast 

JJttl:lti:f:7X5f-^TDATA (BB (j) ) 4< 

7^^f — £ RAM2 i 3 ir* bKtii ?ft£>o cro^x? 
t-$tdatai:ici:t. *&«^/mwe(=»lt 

/DMAACKtfHb^lHDaPilt tfT*7 ?"fe 7 
-9 2 1 0A</<*£«fflf4 (08 (k) ~ (m) ) „ 

[0 0 6 1 ] *^73(5I©DMAe>i|(7)llf*£* 
T^-^S^^-V-l-t'Sil), 08O)*^P|5lffl<S-l-X H 
S Y N CO 1 JSWKDfBlOTBlf^ifvLTl^. fcfc. 
*¥|s]«HS^l-XHSYNCI*. «Sf3-?2 2 4 (E 

1) i>b4ib*ftSi rortc^HISIHS^-HS yncicS 

OL^T F I FO>=fiJ Vh318 (S3 ) tf±f£ U 
fct<DT-Sy, 2#-hVRAM21 2l:SSiifJl^ 

a®B*iST— s> mdatadi TK^-oroasra^as 

[00 6 2] E)9(Zfc^r. DMASFRlfif/DMAA 
CKtfL U^JKC«fc^.r^-i)SSra(CDMAeiM(73T h" 
bXMADDiMf-5iMDATAi(D-S;UU± 
lZl£tlZfai>„ LA^L. 7X^f — ?TDATAii f LU 
^KDIHI*. 2tK— KVRAM2 1 2 ICS-JL Z>faZ>&& 

!gf/MWRi<H U^;uc«f:Ji5fflt'. Rftf-^M 
DAT A<D*S&fH*n±$faZ>. 7X*f-?TDAT 

ICLU^JUcStTy. &K'vKO«Sf-?MDATA 
(RGBf-?) i'2*-hVRAM2 1 2tS#JX^ 
ft*. 

[0063] Si Ol*. @90>Aa5 (7X7f-'SiTD 
ATACD©ffl5) (DSffl^t^-fS^r-hT'fe 

-£„ @9i''t.fl3'?)J:^lc. EE±roi K-yh dif) 

SC7KUXMADD (= T A D D ) i»Sf-9MD 
ATAiA^SS^tlT^-S. 3:fc. 7X7f- 9 TD A 
TAi<HU-^Uro3S]RST*ro*5&'(S^-/MWR;b<L. U-< 
MZ&TV. C^T,|CIC ttttSf — •? MDATAA^2tK 
— hVRAM2 1 2IC*SJiS*l--6„ 

[0 0 6 4] \ii±<D£ ^IC, DM AlEi£B5lZl*2/K— h 
VR AM 2 1 2 £ -JT.Oh 1 — £ T AM 2 1 3 — CDT 

h'UXMADD ( = TADD) Z>fah(T>X. @FB 

JLl-fcl+aaafl^f-SMDATAroK-y h<2SI-3tEEL 
fc7X9f-S> TDATA6<BEaS fit. "? X 

t'— •? T D A T A O L^U'EC HT 2 h V R A M 
2 1 2^(7)8*^^— -?MDA T A(0Sii^A<Wlif51$n 
*. *fc. StiI10-r>K<7 (SHE** 

(D(jiS <t ffJttlCCE HT"? X T — 9 TD AT A4' 

[0065] d. mi o-mmwomm ■. 



(1) SiilS^/MWRroi/^^X^f-^TDA 
T A T-«»T* C <t 1= J: roS&*£8lH) 

r3>«*?yi-. t*T+ r a M^wottss f 6 4 7 -c t>v< 

-tf-y h*— KfcfclvC, 2?K— h VR AM 2 1 2(7)8 
[0066] (2)7X5f-?TDATAf*ftf- 

9<D&&frVimzmmTi>rt*3 y t. b*«-t— < ? $ tf-y 
hse$*r»iii<7)a^3E3ir ■sfcttfc^jsr a - t t, 

BJfigT'fc*,, ®1 II*, KHBfefi^?— >£tf-y h5E5 
10 1i?>«S<D[s)&ffifiSi<0-a5£7St- K?8ST'»i„ tf-y h 
EISs)S§6 1 51*. Bfcg:^— Srotf-y hS4£3?LlM$ro 
EX OR (SM6MSUIW) BK*«iLTJ3y. x— Sfffi 
2)85 (H3#BS) (7)«eicSS(tbtl.TLN-5.„ S-EXOR 
@B(D-^(7)A7:Sa^l-l*-7X-7^-'? TDATAi'a 
tLifaXtM. ffZOXM&^-lzlitSklgL-T— ?(7)&t'-y 

h<D<s#j£><5-*.b;h.T 7X7t-$tdataj' 

0ffll*Cttl*gf—SiMDA T Al*^rog^t*-y hSe 

§S6 i ssaia-ra^ 7x^t-9tdata4<i 

<738#IZl*fftS^— ?MDAT A<D=§-t"-y h(7)ffl6<S5£$ 
20 H4„ C<7)IS*. 7X^f- -S" T D A T A<7)(16<1 ro K 
•y hlZf5^Xltm®^r-?MD A T Arofea<gEE?*L 

[006 7] D. DMAZI > hO — ^ 2 2 OpqroGDKt* 
I5lcff>»fffl : Sl3l;5S-rDMA3 > hD — =5 2 2 0 IS, 3ft 
IBBft^-SroDMAeiSWroT- KUXS;T5ST4«aS£ 

ctibfflffltei znizmm? z>®&<nmmz-D^x$tw 

30 [0068] B1 21*. E^IC^TF I FO>^'Ji; 

-;i-3i erowasrais^-t^o -yvmx'&i,. ei 2 

(A) IC^r<fe^lC, FIFO^'Ja-^318 
I*. F I FO«W8IJ3 2 1t, 2 0<7)F I F O > =E U 3 

2 2. 3 2 4 £{f iTl-v*,, £fc. Ill 2 (B) KST 
&01Z. F I F OWlWlffll 3 2 1 liSOffl P L L0S&3 2 
5-3 2 8. 5 1 0 <t;H»fi!tffJ8I5 5 1 1 iff LTLi 
5). SH5:UL.S3roPLL@B3 2 5~3 2 7li < * 

TPuae^Hs y NcroiisasNHoe. (nho*h 

X) te. NH SU:fifCL K I . C L KO. 

40 DCLK£^-*l-t':ft.±firf Sfc, S5 4(DPLfEIK 

3 2 8li. SiElB)8HS^§-VS YNCffliitajNV feL 
fcffi^H I NC££fi£-r*„ I5JJPL L@^5 1 0 
11012 (C) IC*r<t^lC. *Wffl(S^HSYN 
C(DHiSJIl£HX|gLtSf HS Y NC * H X 

L. ;SBfil£ffJ8P5 1 1 l*-f-<73j±*>±i<y X-yv^ttiBL 
TS2<D*^|5lS8fi^XHS YNC5^i5!tf 4„ C(7)m 
2W*TlBl»«^-X HS Y N CI*. * 1 <7)*¥l5]W!ffi-S| 
HS YNC<DHXf&<7)ffljK»2Wr4H3«e#T-$)4„ 
fPL LlH]Kl*)(DSSS(iNHO. (NH0*HX). 

50 NH . nv . hxi*. c p u 2 o 2l:i'3 T86S! cF fa 
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4. Ztlt>(DP L LBK3 2 5~3 2 81*. fft&lOffi;*: 
• m^£'<nte=itzlh<r>®l&-QhH . ^OTtafEI-oiNTI* 

[0 0 6 9] fcfc. 2-3U3F I FO> : E l J 3 2 2, 3 2 
41*. WSSrott*T-*£-«*WI-Effi-r*8*«T- 

3 2 1(*tt«T-*/<T/:77«WW£LT<D«lit£*iL 
TL>*„ Sfc. gl»PL L0K3 2 5l*A73?a-y? 
4«^ei:LT. m2(7)P L L0K3 2 ettffi^lf P-y 
5 S.&i.^mt LXs S5303P L L[5]g&3 2 7 1* K-y h<7 
□ 79*SEfSiLT. S4(DPLL@K3 2 8li7-f 

WLTCN^). t£tS, S2iS4ff)PLL GDK 3 2 6. 3 

2 8fi^I>"F I FOt'Jaz -y h3 1 8 tfffils) L T. 

ST^. S2tS3ff)PL Lil83 2 6, 3 2 7 

[0 0 7 0] @3tTS^ ,fc 71-. FIFO/^'Jl-"; 

h3 i afr£,mti£titzm&r— ?i*. t— >ai*ffl3 

1 4^Ltf-$/U2 2 9 -tlCiii±l f L 

T. D M AfflMlfiB 3 1 6A<T h*UX/\'X2 2 8 £ . t- 

?/a229i, *i»/U2 3oa>afflast'ft7^ 

t7 U— 9 2 1 O^bSmU KSf-^MDATAJ 
2*-hVRAM2 1 2tZVZ&+Z>. 
[007 1] 01 3 I*. DMA3> ho — 72 2 0rt<7> 
DM AT h*UX35S:8|!3 1 2 £. T— ^ t±J 7395 3 1 4 
£. DMA»|ffl)ffl53 1 6fflni«Si5ij;t7n7^@T' 

r-^ttitims i 41*. n>^-^> httStT 1 - 

?VD££J#T£fc*)0) ; 7-y : ^3 6 4£<it;lTl'>S., 

tf-?'tt2 2 9±lliil73r'5«S-|Cl*. ->'JT;U/ 

[0 0 7 2] DMA7 K U X SSSffl! 3 1 2 (*. *:?-fc-y 
KTKUXEtiaJ3 3 0i. j»JI7 KUXfiIEtiaS3 3 
2i. SE^OV-SifflS 3 4i. *¥*lO>-S'8|!3 3 6 
£. SIg3 3 8t, 20©iBS§g3 4 O. 34 2iJ 
ILU^. *S:t§3 3 8(*. 7J0E7 KUXfflE1gSi5 3 

3 2CE«$tlfctoJl7 KUXffii. SlE*^>^ffl!3 

3 4^t»tt73$*x-5SiE;*raro±>o> hfiitsstjrr 

*. Si 0>iOj|&3 4 0 1*. *7tv 1-7 KUXE«ffl 

3 3 0lC^-i6EtS$ti-fc^-7-tr-y K7 KUX (ft2t 

£*i«S3 3 a rosjtts* s^rojn 

Ig3 4 2li, mi ©fliISi3 4 oroJnSISSi. tK^ 
*-7>S»6B3 3 6<Dt)0> hiiiSttlS-r^o ^33. IS 
2<Dtog:i§3 4 2(Dai73AD 2 DMA«I:VR 
AM 2 1 2IC#^.t,^47 KUXMADDtte*,, 12 
ro3tDSfg3 4 21* h 7 -TAf- haj*£WLTLN4„ 
[0 0 7 3] E. 7 s — 9«E£SKD7 : Ell 4 

I*. 2*-l-VRAM2 1 20)> : f l J7'v7T'J)4„ C 
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fflVRAM2 1 2(D1 9— Kl*2 4t'-y hT?fey. 1 "7 
"CI'**). ®®-tCD 1 ©i?l (1 h'-y h) - K 

[O0 7 4] H5li, VRAM21 2 (7) * =E U ffiRS £ 
WEt<DtV5M&Z7fit1Stm®X-$>i>. CCDST'I*. V 
RAM2 1 2tD*?U>v8 0(DISatt6 4 0 (50 
h 9- K) . ilbyyB 1 <7)SS^*a(* 1 9 9 h 

( = 4 0 9) X$>Z>. DMAScSf-^oTSbHiCDEftS!^? 

io -5>6<s^ii^ii<ba!iii«iaMPA(*, eii 5izmwtx- 

*-T<fc7lC. SE7DiSll;2 7f>iT'*^yDlS]IC2ISS 

icoBasi&Gts^b. *^73i=iic2is^roitiswL. it 

73(SIIC2 7^ >(7)1<§£ ; ffT4^tt4lS^<73fai|ltT'&-& 0 

^fc. saissHigEMP Aoxast-t-i' xi*. ti-^u— 9a< 

*7-CRT30 0ltlt*7-«af^X7'W 3 0 
2<DBffi-tT'ffi5S-t*. 

[0 0 7 5] fcfc. aBfSSEMPA(*Jg»(D«I«-e&4 
£<. 04IC}3l'>T!tti8Lfc<fc 7 7^^f-5TDA 

t Ato»?iii;EEi:r c©isntimM p aw(d— a&rotiisE 

— h VRAM 2 1 2l-S^jiStl--£„ 
[0 0 7 6] El 1 6 I*. 77 7 — C R T 3 0 Offlflil: 

fcit*t&BfBiSMPA£*-r¥ffiEi-esi,.j> 0 eh 5 ci* 

"T>^ MffilBJI*. 016l:St*7-CRT3OOl»S 
SEffit 1 : 1 T-ttCSLTt^o 

[0077] v.TT-itm&<ntzsbtz. aio-oFo 

(Sb®«*«il|li) a<SfiIlfIi|EMPA<tP-<DffiffrC'fc2> 
«&(7)DMA|SJS«!iSlcoi>T!ft^-r4„ SSEO-f^ K 

0 A<*§ff* T* U I Mt& I- t, IUT IC* "T D M A e&siii CD s 

30 *#)te®im*mCV3bV. *fC. 7X?f-?TDAT 
AllioT 2 /H — HVRAM2 1 2 ^tDSii^flliSP £ 

[0 0 7 8] laTr-li-O-Si — U— XiEaSrofTi'd: 

^O'dll.Mt^COT KUX;1ESlCOL>rgS)ll!tt^|L. -f > 

l*«5E^4. 

[0 0 7 9] 01 7 1*. T KUX35Sffl!3 1 2 L 
tSt7P'^lfS5. Tl-^-tJ-y h7 KUXEtt8P3 

3 0l:Effif^l5t7-t!7 H7 KUT.OF ADIi. 01 
40 5IZ^DL^T. 5feaS7 KUXOOOO h6^^,iJ|@i^ItaMP 
A055&*MI6<aBOT7 (0 05 1 h) ifflt 

7-tr-y h(7)fil (5 i h) r-$>4„ 
[0 0 8 0] 5&<*Bi)«iG7.{Sff)7 KUA ( = 0 0 5 1 
h) I*. ISS-hlcfcLNr^-^U— ^6^£LfcaiHI«ilSE 
MP A (0 16) ro£±£,p i <7)<aSlcEE:i;T;*£$;h. 
4. Jl-^U-^^iSISffitaMPA^fiS-r-Jx!:. CPU 
2 o 2a<£-t£P i irffla-r^SJi«ifBa>SGLSt7)7 KU 
X ( = 0 0 5 1 h) £S£iiL. :(D7KU^ ( = 005 

1 h) 5*7-t7h7KUXOFADtLTt7t'V h 
50 7 KUXEHBB3 3 OirSS-f-So (*77 =- 
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C R T 3 0 O-gtzltiJ?— ,TKST-f7.:?U-f 3 0 2(0® 
E±T-SS(7><aS!-£SC0*££<Dl!iSfiiaM PASS 

[008 1] 7J0S7 KU^fflE«gJ3 3 2l-ffitl£*l.* 
tnST Kl/XADAD I*. y^MSRHI-fcl+S 1 
«-<DB£aK3?L<. C(7)l?JSfiiir-tt5 0hirS6S$^L 

tO 0 8 2] SSis3 3 8©ai*MU Li. 
Sg3 4 0, 3 4 2<DtiS73AD 1 . A D 2 I*. ^tL-t*^ 

<D*is*tT-# a £>*!.-&«, 

MLL-ADAD * VCNT -(1) 
AD1=0FAL>MUL -(2) 
AD2-AD1+HCNT -(3) 
[OOB3] -tSE (1 ) ~ (3) jZZmt/hZt. &B 

H:St4s2(0]JlSg3 4 2<Mht>AD2lZ2lO)S.ffi 

AD2 = (ADAD * VCOT) -KF AIW-ENT -(4) 

[0084] Sil^O^hVCNTIiSllISfflJSEMP AI*J 

«2^ro £41 A * C. SI "3 fcfiS SB^*fiT'7S L T *3 
S6IS3 3 8ffltiJ?3MU LI*. **KICfcl+4SlI7' K 
COO 8 5] ±SB(D (4) 3*1*. iI*-5>FVCNT 

<t*¥*)0> f-HCNTT'«$n*<2Bl::StE5-t-5>7 K 

UXAD2^WC&^ fcfc. C<7)3B»«T-I*A 
DAD = 50h, OF AD=5 1 h^fflt'. ( 4 ) itl* 
;*CD (5) i6l-S#»^.t,*t-S>. 
AD2 = (50hxVCNT)+5lh+HCNT -(5) 
[0086] &>rf*«fc?lc. SMUMtMP A (01 
6) W03 1 *©«S^(0DMAe^A<*57f St Win 
SiE^O> h VCNTA<1 OtttBL. Sfc. P-(0«2 
tSLtdfel^S-IMSroi 9-h-»D)BiSf-?4!DMAK 
it $*i.£fcu:f-:*¥*0:/ HHCNTi'i -3«S*nT'5. 

-roes. aifl*MPAi>j(D*«sst)t3>^-* 

VDtf-tBaSt (5) T'5S?*lSTKU 
Xlc&oTVR AM2 1 2f;*#a^^.4o 
[O0 87] F. X— 5<l£a!<D»ffllMf* : 0 1 8 It, 0 

8ic*-TDMAEiai<Da^roiijas5sr'5'i' s >?^a> 

fSL^T^2(D7K^I?»<S-^X H SYNCi'L L^LIcm 

ht, **PrtO>9ffl!3 3 66<0ir'J-b-y h$*ir«Ht 

Mtettffitfcy. Sfc. Sil*^>'$'ffl53 3 4(0^t7> 
h7^Am?h4„ CCT'. £E±lO>$ff!3 3 4 

ro»ff^Sfl§r-5fc«)i-. ^<DrtSB»ifiEicoi.NT!tt^-r 
a. 

[00 88] ill 91*. SM^^>^IB3 3 4(DWfiB^ 
fi££. F I FOtH9PfflJ3 2 1 rtO)Bflilffi5i-S*-r^D-y 
^EIT'fcSo F I FOfffliSlffl!3 2 1 ©PL LE883 2 7 



(11) 1$BS!3*7-3 0 6 6 7 1 
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I*. «Sf3-?2 2 4*£#*.t,*lfc*JRS|»|<S*§.H 

S Y N C (DJSJSSlS NH ftLt K-y d-;^dc 
LK54UT^„ 3:fc. tt(0PLL@B3 2 8li, SE 

hffi^H I N f C(4. &2>TS<fc Tin. S*:®^E73lS]IZ 

M> > l-«^H I NC(Dffl&3&;6<S2<D*TI=)Sie-S|X 
HS YNC£HCT'35>*«^<DDMASBi£lrOl,\-C!ftE 

2 ODTK^IslSSe^ X H S Y N C i IB) LI T' $> •& «^ IC (±. 

[O 0 8 9] SM*0>'S'8B3 3 41*. /<-y<77K-^E 
fi»4 0 2i, it«SS4 0 4,!:. /<-y^7^-^*^>$ 
406i. |I*0>5408i. 7Vf41 Oi?fl 
LTl^. /vy?*-^etia5 4 O 21*. CPU/Uf 
^LtCPU20 2^b4ibfttA'7^**-fSBP 
£tB1g-f-&<, /?'^#-faB P »K- 

^msizm-n>^mm^H s ync (D/<;uxsjt*$. 

20 i>o /<<•;<? tf-Tfi^'s? 4 0 6lc(*!g 1 (D*TIS)»HS 
#HSYNC4!4^bii. 7-;f4ioffl^a-^AA 

S^llttf 2 MTHfflfif X H S Y N Ci<4^bht 
L->-5>., $f=. Il^-^^ 4 O BO)<PD "J ? xxm^iz 

Sfc. '<"^*- : f*'7>^406 iIE*'7>^ 
408ffl'Jt7 hA*Sa-^lrl*SlSIS|5W«#VS YNC 
6<4-x.^*iT^4. ttKg4 0 4IJ. /<-v<7^-^IHlt 
«54 O 2ICffitS$n/c/<-y^^-^S[B Pi. A-y?5tf 
— ^rt^:-"? 4O60*7> 1-ffiBPC 
30 [0090] itISSf 4 O 4 (D It! 23 C M P I* B P = B P C 
(OHilZH U-^JUi^y. B P*B PC(DB#ICl*L U^U 
ifc*. /<-y?7K— ?2>0>$ 4 0 6l*it&3g4 
0 405ai?3CMP6<L U^iUrofiUc-f*- — ^Ui^ftJ. 
SE*!'^'? 4 O 8ttCMPi«H u^uamic-f ? 

[O09 1] iIBHg§VSYNC4<IW7>9|l 

3 3 4 "ift-S i/<-y ?;K— >9 4 06 <fc^ 

g4 o 4roai*cMPi*L u^ji-ftrot'. /vy-?*°-^ 

40 *O>5 4 06iW?-7-;i.iSy, *¥H»HS^hs 
y n C(D/^i.xSrSrtO> —75-. SErtOV'? 

4 0 8lif9±LtSJf$i4. *¥lsl»i«-^HS YNC 
(Df <Il- X. -j V tK-^S B P <t U L >SKfc* It / < -y 7 # 
— ^f-tl^^^ 4 O 6lcA^$n^i. BP = BPC<t^ 
S„ It5£il4 0 4£D!iJ7]CM P6«H U^<;Ui 
5iy. /\'y77H-^*'7>^ 4 0 66<^jhr^<!:«i:t, 
l_. lE^'iv^ 4 0 8ti<tlO> h?7 P'^BaSoT'So 
SH^O>^ 4 0 80)2>O> hlCN Tl*. K2(n*? 

i=iS8ffl#xHSYNCOTji:iA<yx-y^r-7-y ; ? L 4 i o 
50 i:fi^?n.t. IE^-7>hvcNTiLtU!7]fn 
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sltu*., tats. Bm*fleJS*£fT«i*»3:t***i= 

I*. l2ro*¥@»fi§XHSYNCi7-CW^ l J 

o>hvcNT i*m 2 (o^mms^ x h s y n cro/< 

[0 0 9 2] ^<73<fc?IC. II*7>$4 0 8i7";f 

[0 0 9 3] DMAWWW3 1 6rt(D«W«^36fefflJ3 
6 0 (Si 3) 1=1*. F I FO«iS)8&3 2 1 (DP L LS 
83 2 7 (El 9) ft*SftfcK'^fQ'^S#D 
CLKit4ibhT04. «fflHS<MS£ffl3 6 01*. C 
05 K-y h^n-v-^^DCLKCIslKSLT. *¥*>9> 
-5 8B3 3 6£»|ffnLT(,^„ 

[0 0 9 4] SI 1 8 (DSHfal T T 1 ICjal^T. 1 Big ( = 

1 9- K=2 4 tf-y h) #S)Kif-$MDATA4(D 
MA«£ig$*L-&<S:. «fflHS^f§£ffl3 6 Otf?- KI^W 
e-^WSYNC^*T*l7>-S'li53 3 6icai*-ri. 

JS. «fflHS^*^ffll 3 6 0(4. K-;l-5D';v(S^DC 
L K(D 1 /<;UXSIC7— KH»HS#WS YNCf 1 /'OU 
XitiaLTU-i)* Tk^O^ffiS 3 61*9- K|5]SHg 
fWS YNCCD^/^XI-lSCTJkJP-rtOX-HCN T 
£ l o*)9> HT-y^-Tio 1IBTT1T-K. JbE 
(5) xtfCj3t^-CVCNT = Oh. HCNT = 0hi<{ 
-SOT'. AD2=0051 ht54. Z.0)~7 Kl/XAD 

2 1*. 01 5l:*t»Bffl*MPA(0i±»»<D7 Kl/ 

[0 0 9 5] ^FbTTT 2T-I4. VCNT = Oh, HCN 
T = 1 ht54(5t-. AD 2 = A 0 0 5 2 h C 
CD7KUXAD2I*. Si 5 IZ*-f SbHSHSEM P A (DS 

[0096] CtD.t^lC. JtBBBTTI. TT2Cfcl> 

r. si 6<D»isfiiWMPArt(DSisiro3E2«iL 1 

lco^r<DE^6<*IT-r-i)o ftot. MTT24<$I7 
r*i. DMA(Siifflffl!3 i 6l::;ESI8(D*fT£6f]Sfc£* 

Tf&2<7)*iP|5]»HS^XHS YNC4<4«.b*l.i. 
fc. COTS2(D*¥IS]SH£-5tXHSYNC(±. ® 1 2 

(B) c*r«fc J 5l-. F i FOJ3W8B3 2 i pqicasi.>T 

El (D*¥[si3Sl<S^HSYNC<DjaKS£HXte-f 

[00 9 7] »)RS) T T 3 OTSfe«BS«1-S 2 <7)*¥P»){S 
§XHSYNC(D/\%XI;R;i:t. SM* r >>'?a5 3 3 

4 roll* -)>hvcNTi'i oigto l r V C N T = 1 

h (ZtJ.it t tlC. *T*'7>'S'8i53 3 6C7)7k¥2l9> 
l-HCNTiiOIC'Jt'Vl-SM. C<7)&(*. ±EtH 
«JS^«HC«J: oT. «Sf-^MDATAS<VRAM2 
1 2 0)7 KI/X0 0 A 1 h, 0 0 A 2 hlCim;A|£iH$*X 

4>o 

[0 0 9 8] C^Lt»Ii«MPA (016) MICSo 
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l+S-f^TOSStSL 1 . L 2 IClBT 4DMA SziiSi'J* 
7T4i. SSHSae^VS YNClcEECTSiS^O^ 
98B3 3 4<i7K 3 P*7>-S'a53 3 6A<ofCJ-b-y h?*x 

DMAZJ > 2 2 0l*?7JSBttSIZ 

[0 0 9 9] C(D*^IC. B*«£SI1»I3|I-IB^L!SL> 
tg^lCl*. SiEl5l»«-^VS Y NCi<4-S.to?X-t)fcyiC 
Sil*0>hVCN7t*iP*9> HHCNTi'OCU 
■bv hS*u Sfc. I2ffl*^i)8f xhsync^ 

<titlc*ip*9>KHCN7i<oir'j-b-y hfhi. 
Wfe«5SiIyjIsil-SS'h-r-5ia^'lcl*. S2tf)*?|5iaiS 

fXHSYNCi7-f>-f>'? l J>>l-fifH INCi 

l=t5i:TSlE^9> hvcNT4«tt)Bt44'. zmz-z> 

nti*&a«TS. 

[0100] JtasLfc.fc^lC. SE*0>hVCNT 
I*. I2ffl*¥HMfXHSYNCi7l' 'J 
>>HS-^H I NCtlCICCT?3'5> h7v7'Jh. * 
¥7l9> hHCNTI*9 — KPISHS^WS YNCICfCi: 
T7l9> h7-;7"?tl4„ VRAM2 1 2_tff)7 

Kuxi*Hna<D (5) it[caor*<)bf,*i,^(DT% m2 

B*?HllSfXHSYNCi. W>?U>;/h 
(S^HINCi. 9-K|S)»!fS^WS Y NCirlCJCCT 
VRAM-t(D7 KUXi<d^S»T$tl-TtN< 

CCOtSS. S&IMjWSMP APq|Zfclt*B*«£S^f 
«Sf-SiMDATA4<JSl l/60»ril:VRAM2 

[oioi] g. -f^-u-x^ssff'S^jas-roT' 

: 0 2 01*. -f — U— X^g^Tfc 
*„ S557'f>7^-Ji-Kli, KISfflttMP AMCD4-D 

©7 KUX©T*it*2 0(D7 h'UXO 0 A 1 h, OOA 
Od)7 KUXO 0 5 1 A h . O O 5 2 A<7)if £$A,T*I.'> 

[0 10 2] -OS-U-X^T^IS^I-I*. *7-fc 
■y t-7 KUXEi«3 3 0 (0 1 3 ) IC«S^ << < 
-Jl/h'ffl(B^7t7 H7 h'UXOFAD 1 =A 1 h iffl 
»7-<>7 -f — ;u KfflCD^7i?-y H7KUXOFAD2 
= 5 1 hi Tt-^-b-y h7 KUXEIffl3 3 

01*. :*lb©20fflt7t7h7h'U^OFAD1, 
OFAD2 5)-7J?7-f- JUKffi^lS^F I SdlSHT 
Sf?6<JI-t±l^^--5>„ fcfc. 2 : 1 cd-< >-?-u-xroig 
&I-I*. jE»7 Kl/XADADtt^>5-L/-X4t«* 
*£-(/>ffi (=50h) fl)2ft ( = A0h) C<D 
ct^l-. -l'>9-U-XS5(Dta*l=(*. ^7-tZ'yh7 

h'l/XOF AD t.lDM-7 KUXADADiOTti; 
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(5) j£IZ&-DXm»T— 90)7 Klx*£SajT*£S„ 

[0 103] -os-u-x^fT'S^fctfxDR® 
'rttit>i'izm-<n7 KuxizSfa^-o^-f-^uKia 

H7 SUXOFADtaoST Kl/XADADi 

[O 1 0 4] ±EHffi»|ICj:*ll*, DMA3>hD-7 
2 2 0W|D)7 KUXJSS:«B3 1 2iM cxDSISSSiffi 

l-SHTriCitfT-t*. Stall. VRAM2 1 2UH 
lzt&»* =t U S^Si-ttT CDMAEg £ SfrT £ Z t 

[0 10 5] H. B*«0)8£:*:- ffi'HQS: Cfl5=l>t°J. 
— SvX^f AT'li. F I F 0^^>)Z\.— -j 1-3 1 8 (gj 

1 2) 4<tt«$a:* •«S'b-r4«fl6^*rLri>So S) 2 

y. (a) BX*BMIf->VDl . (b) l*tiJ*B*fi! 
f-5"VD0. (c) (*2 -3I0F I FO/^'JfflKt? 

^*vE-**l*LTl.>-5>., <IL. 02 1 (a), (b) X' 

VS0^^KT•}il,^TL^■^) o 
[01 06] S2 1 (c) tzmT£ =}iZ. 2O03F I F 
0>=E'J3 22. 3 2 4(DA*>Sg^<tai2l*Sm*. <Eg 
«!Sh^7.^-^3 2 3 a. 3 2 3 b |C <fc o TffifflW 

^7f3 2 3 a, 323bli. F I F OfflJSDffl 3 2 1 4> 

(SfOEICi-Dt. 2O0F I FO>=E'; 3 2 2, 3 2 

4 (CASS atffflffiWI-SSfrUJft* ta^x-a c t £3?fIM 

IZifiLtz*>0)X'1t>2>. 2O05F I FO/=E'J 3 2 2. 3 

2 4l:[J, A*^a-^9<S^CLK I □ -v^ffi 

^CLKOtA^*iBlc^S.>b*i,ri>-i3. A*)?D-y?« 

tCLKI roflliftSSf CLKItt. 0 12 (B) 

X^lz. *JPH«B«^HS YNCOTIliKaSNHOi&Lfc 

tro-efiy. wtiSiA^!!^ 2 2 6ic#s.c>^fcwi««# 

VSi'NTS C<34f0)ig&l::l*ft 6 M H z (D-^OTJB * 
SST-fe^o ttl^^D-y^ffi-^CLKOrolliKSilf 
CLKOf*. A*i-?D-y>7«-^CLK I OJJIjfc&f CLKKDH 

xft (Hxi*s») nmx-S)* cm 2 (b) #gg) . 

rnt*3*.. tt*-?a-y-?^CLK0^3EKE-T4PLL 
Ie]SS3 2 6<7)!S£(iI ( NHO * H x ) (i. A*-7a-y?« 
fCLKI ££fi£ir£P L LH1SS3 2 5CD=SSfi!NH0ro 

HxeicRssti-s. znmt&mx-iz. Hx = 3i<ss 
-fa. 

[0107)121 (a), (b) nil ©KBHTT 1 
1 iS35)TOTTl 3T'I*. IlfflF I FO>^E'J3 



(13) t?Bfi¥7-3066 
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2 2IZA*Rfc«X-^VD| i<StJX$tl. I2(0FI 
FO>fU3 2 4;^>E>!i2*lBfe£ J f-'5' VDO 

S2mMTT 1 2flt. I2(DF I FO>tU 

3 2 4llA2)B*8>7 ; -'5> VDI f lfl)F 

i Fo>t'j32 2^bas»tt«7 : — s>vdo a<a<*a5 
croisai. m i cnmrsj t i i r-(*m i rosa 

tSL 1 ICHT<b»lSti ; -'5>S«Sl(7)F I FO^'J 3 2 
2ICS^Ji5*1.*„ Sfc. S2©»F B 1TT 1 2T'(*. Sg 
2lcH-r-i)WS®ir-'5'6<S2(DF I FO> 
10 ^'^3 2 4 1^3^^^^^,, g)2 i omte&tsO 

<s^c l k oroaaisfe f CLKOtfA*? □ .y ^S^-C L K 

i (Diasesf CLKia>3«tia£$nTi^a>T% S2© 

SSWITTI 2l=fitvC. mi (D45SL 1 IZ&T 

1C73F I F 0>=E'J 3 2 2 3 $ 

[0 10 8] 12 211 B*«s<DSB:*l8l<Dffi*:<fcffi^<D 
«^^*-rS4WSr'fe4 0 S22 (A) liAattflfcT- 
9VDI £*L. 022 (B) ttiU^Sft®^— % VDO 
SSL-tl,^. iii^lBfc&^r— $> VDO T'(±. A^lB*®^ 
20 -fVDI <D&i£&m<**i?tiHX (=3) SfoSS 

yssnrjsy. c^i^oraMStf^iK^isji-Hx 

(=3) «l;UI:^:$nTL>*. E)2 2 (B) IZjSlvC. 

r l i a j , r l i b j , r l i c j I*. 5c(0S 

SttL 1 (DBfe«i^— ^6<3@^ySLTliJ*$*l.ri.\5 
:i5SLTt^ Cro^^lC, 2O05F 1 FO>=E'J 
3 2 2, 3 2 4jBl^SJ!7D';7fifCLKO«)I 

S»f CLK0£A2j-?D-y*S#CL k i (DISSS f CLKI 

<r>m%itetzmizTz>zttz±-oT. ew^sii^isncs 
a<&T-tt*:-r -set a< orffir-fes . 

30 [ O 1 O 9] HSBfflffi'Mt, i 1 9tStF I F O 
WOffli 3 2 1 W(D P L L IhIK 3 2 8 <t . Sffi* O > •? ffl! 
3 3 4pj<nmWt)0>$ 4 0 833<tl);7'yf4 1 Oil: 

<fcoT3SSI $*!.-£>,, S2 3B, SiE*|Biro*6/J*SM*£* 

r5>-f5>^t-ht?»5. P L LBS3 2 8ft« 
5 -f W > ^ h<S-^H I NC (El 2 3 

(a) ) fit. SiEI5S8<S-^vs YNCffilSffiSSf VSYNC 
CDNV <S(DJliESS f HINCS^LTt^-S,, S5 2 cnjJc^lslSS 
SfXHSYNC (12 3 (c) ) 14, SBISl^ffi^V 

sYNcroiisaf vsync <n (nvo*hx) ^roiaiffis 

40 f XHSYNC^LTfcy. NV0<Dffl(i7u(DT^-n 

^•V S 1-331+ -S 1 P -f K(D*a^Sa (KIT. r±W 
=?-<^%SLl t"¥*) $*r-S(il (NTSClSt«)«d 
IZlotNV0= 2 6 2. 5) -C'&a. ttJ3, 02 4 (A) . 
(B) IC^-Tcfcol-. 7tP^®fifVS1;Sh?Jl 

^^-f >sa?NVMt r 4<t. p l LSK3 2 803sss(i 

NY =NVM* HX *NV0/ (HX * NVL) 

50 =NVM* NV0/N\/L 
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tt'L. NVMSHX *NVLT'&£„ 
[0 1 10] JLitCfc-lvC. mz-l£. NV0=2 6 2. 
5. NVL=2 40. NVy=4 8 0SttAt^.. NV=5 
2 5££*. 

[0 1 1 1] il*0>?40 8 (El 9) I*. 7"f> 

t7>h{ICNT (023 (b) ) £*t7>hT-v7U 
St. 4 10ttl2©*¥Hfflfif XHSYNC 

ECN.TJf^^fLtil^^^hVCNT (023 
(d) ) tLTiiltl**. 

[01 1 23 02 30X9IT-I*. 7-<>f >?')>> t-« 
-S|H I NCffXI&Sf HINCtl^fDTk^lBlSHS^XHS 
YNCWMaf XHSYNC<Oit (NV /NVO* HX) 1*2 
C^I-EECT. SlE*0>hVCNT (0 
2 3 (d) ) 1*0, 1 . 2. 2. 3. 4, 4, 5-0>£ 

tic 2r3isicisii:ti6<i ssiyiEsn*,, sua -5 

>(- VCNTfiVR AM2 1 2 fCfcH"-5>i|iE7 KWf 
*LTl.>4(Dr% 3#SffiItTKUXVCNT = 2l: 
li. 3*i<Dj£2*gL 1 cfDBfcgi^— $ <t 4*|ff)SI 

3SIOII7 KlxXVCNT = 2ICgSJIC*# 
iiS^T-t^g^L i cJ)l*ff-'S'tt. :*a>j£g*gL2 

t. 3 0fe®<DiZLm.iz&,z,TEg : m<r>Bk&.7 : - j ?wra i 5\fr 

MH = f DCLK/ f CLK0= F DCLK/ ( H x 

[0 115] ?£>t. 012 (B) frZ,*>i&Z>&7tZ. 

M^D^gfc L K I (DlSStSS f CLKII*. Jk^PPffl 

<s-tHSYNcrofflissaf hsync roNH0fe-c-$,y. f hs 

YNC. NH0ttS3tT<£..&,, St. K-y h-?o-v7«-5|D 
CLKI*. TMPIsjSBffi-^HS YNCtDJg&STf HSYNC 0) 
NH <g(Offliffi»£Wr-i)„ ffioT. JiE (7) SI*. -X 

MH =f DCLK/ (HX * fCLKI) 
= f HSYNC * NH / ( H X * f HSYNC * NHO) 
= NH/(HX* NHO) - (8) 

[0 1 16] SISO^MV (6) 3£<t*¥e2SM 

H S*-f (8) itfCfclNT. CPU 2 0 2MbSSt'? 
ifiltt. HX. NV , NHff)3TCfey. Ctl^lSlvf 
I FOWH8P8B3 2 1 WtDK:SfilT'$)4o C*l*(D 
30<DilHX. NV . NH (*. #l*l#;*OT3£-C-;*5E$;t7, 
4„ 

[0117] HX = RND (MV ) ■■•(9a) 
NV =NVO*MV ■■■ (9 b) 

NH = NHO * MH * H X ■•■(9 c) 
CCT-. iSSR-RNDI*. }§3fflWO)!S!ffi(7>/h?8!.*l-UTS 

[0 1 18] (9 b). (9 c) Ht(*. SSiHX 



(14) ^B32p 7 _ 3 0 6 6 7 1 
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* [0113)022 (B), (C) Cl±, 0 2 3(DEH* 

20IDF I FO^fiJ3 2 2. 3 2 4fl)«]ftlCi^ 
rHX<glCffi*$tlfctt«x—? VDO l*9O(0SSia 
LI a~L3cl:IdtUiii(. ZO'PX'. 3§l©i 

gtai_ i crow&T-^ttiero^rosgtSL 2 a(DB*<a 

f-?t'B?Si^bn. St. 6Si(DSStSL 2 c<D 

fes^r— s t,fmxro$iiL 3 a (dbhse-t-? r-st 
iS*.^*. ccotS*. B*«i<Sil»(SllcNV/ (nvo 

10 * HX) <g$tl,4„ >S33. I FO>f U32 

2. 3 2 4CJ:7T!*Sf-' S> 6<^<ftSlE73lS]IC H X ffi 

iz&±2tixi^i>0)T% ^MTSSii^rsirofg^MV I* 

MV =NV /NVO ••■ (6) 

[01 14] BftStCDTK^^rsjOTfit^c • $S/jN(7)fg*MH 
(*. SftS^r— 5 5 VRAM 2 1 2 IzSg-JXtreSOT K y I- 
7D7^(IfDCLK (01 9) (DBSKS&f DCLKi. F 

iFo>=e>j 322. 3 2 4a^efcg>T : — -s^s^inr 

(S(D[±l^i^n-y7e-l-CLKO (02 1 (c) ) (DISSS 
20 »f CLKOicOttf DCLK/f CLKOtcSfL^o 02 1 izfit> 
TSE-<t<fc ^IC. tB*^a-y?CL KOtDffliSIS! f CLKO 
I*. ^^D.v5fifCLK I CDffl2£»f CLKIOHXfc 
T'&iJ. n7^(gfCLK I tt^VTK^-y hWH* 

ffi-^vsrofSjsa^tttcciit-sffiT'&.j). s^r, 

*¥?3|S](D<g2pMH I*. ^<D (7) EtT-#^.t.tL-& 0 

* f CLKI) - (7) 

OfeZ (9 a) &Un-<r)*£V3i&r t> Z t tpIfigT'fc 

30 [Oil 9] 02 4 (A) lijcCD 3 HWHStfi^ 
VST-5t3?ft4BS«ORS*LT33y. 02 4 (B) 
lifit;*; • 3S^?£OTIHfe4£MR£EttT-SVRAM3f55)£S 

ur^4„ ::t-it ^TTjrsioe^ffliSSS 7 8 o. & 
sans sa e 4 o . SiE^isiros^^-f >»5 2 5. 

^-OSMSOirLTC.^. VR AM2RS1ICfcM+*»5® 
MR(*. *7-CRT3 00^A7-«Sf-f^7U-f 

3 0 2i;ffflgS8*fn5 o &^>T. SiE75ra)C7)<g¥ 
MV <i*¥75T2)<D<S2£MH 14. f-fX^U-Tf/Wxi 
T-!ft£ 5 nt O-r > KOtO-y-i- Xi5u(7)BftS: 

40 ORWJ X£<7)tttz5fL\.\ CPU 2 0 21*. 

-tt-TCA^teipMV , MH SSffiL. _tgg (9 

a) ~ (9c) l:ftot30rolHX, NV . NH £E 

air, f i FosiesfiB3 2 i Mcssti. 
[0120] zo^z>iz. ±sesi ro3?ssffir-ii. vr 
AM2 i 2l::i»«7 ; -9£DMA5EirrSSIglz. 
ftSOteSST-tt* • *§/MT 6C<h 4„ St. B*fc 
ro**ftS£7 KU^aill!3 I 2(U:-3TffiSl;!gS 

50 rote^T'»H££«r&;ita^figT-$..|,„ 
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[0 12 1] I. DMA?sj£lH]«&(Dg»«9 : DM ACS 
[0 1 2 2] fftS^^U <t LTI4. 2 0Jil±.CD/te— h£ 

a * £ «j» -s <t => iz l r 2 m- h r a m t mmKi&& 

[0 12 3] RGB^fefflfeBf (n>;K-*>hBMt! 
<S#) NTSC^iEI-J:*YUVfi-^^i:*CDte 

[0 12 4] CCDSgBSI;}:. Eli$*ifcir^'5';u»«7 ; - 
* S#«Lt v r AMrt^3£&;t;*^t.gffl-t-5 c 

tA<X*&h* C(7)li^-|Cli. DMA3>hD-5220 
iA-Dfig2 2 2CDP.3fC&S^v;$;Ufft<S!^-$D 
SCDATDtf— I- ( rcD-ROMj < tE£*lTI.'*$) 

B«#fi8Ra^<D7 s v*Mfc«-T-' ZZXtlTtilX 
jzl\ 

[0 1 2 5] Ji3iLfc (4) itT-4-ibtl.4T KUXA 
D 2 ^Siii-r-SfHSSi: LTI4. -teHJSflilKmcDa^cD 
mfiSti^S.'itl.-a. 0«;LI4. DMA3> KD-52 2 0 

[0 1 2 6] mtz. 01 3IC*-T^Sg3 3 85. ans 

h'UX<ietlfflS3 3 2ICS5ffi$*tfc*Da:T KL/XADA 
DSSS^OV^fiBS 341?)il*0>t-VCNTffl@ 
Sif= l+inK-T * ^ ? IC L X t J: l\, 
[0 12 7] |2 5l;*-TJ:^IC. 01 9l:fclt4PL 
L HISS 3 2 8£ 1 /N»BS3 2 9fStMi^it 
^rfigr-$,S. CCD 1 /NttS§!3 2 9(4. SMP!»HS-*t 
VS YNCt<tot U-tr-y U-tr-y h £*ifcSH:: 

-0?'J>> h<g#H I NC^RST*. Z<D&?lZl 
/N^iaS§3 2 9?ffll^i. P L L fflf'fc'S^ 

*s < r £ c t W X- 1 h 1 1 > 7 *l A <><3> -5 . 

[0128] I2 6li, 3OC0F I FO^USfflOt 

Wfi)£<t»^£*-rui«@T-fcy. ®2 1 tz-xi&Tzmx- 

1)2 6 (c) IZiftT&llZ. Z<D®m&. 30CD 
F I FO>f'J42 1. 422. 423i. 3 ^>(73^(ffl 
MfcX-f -V^4 3 1 . 4 3 2. 43 3i. 2 OCD^SSS 
4 4 1. 4 4 2 <t . 50i II 2 

6 (a) , (b) Kip-tJOl-. «-JWfflTT2 1. TT 
2 2, TT2 3t'tt. 1OC0F I FO>t 'JCI tSIS 
»0)B*«T— ?;6<S »C02OroF I FO« 



(15) ^7-3 0 
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FO>=E'JI4. 8rS(DIII*T?SK 126 (c) 

14. S3C0aP B UT 2 3CDBn*l-ifclt-J>X-l / -y*CDtSg? 
tt8S£*LTl'>-J>,, CCDKf. §; 1 CD F I F O > =E ') 4 2 
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4@K£ffifiS:-r^Ci=t3Ifi6T-Z&^ < , -U6I-I4. «?SCD 
B*^^-^ A-;77i/5-;77 fMiSlsJK^SIt. /<-y 7 
o-CttSCDS*^-^ /< v Z> t ^pffSCD 
IliST'W^^'&Ctlc.toT. i2Lt:F I FO>=B'J 

[0132] 01 2 (B) CD P L L 048 3 2 5 i Sf fflrj: 
«ffi(4. PLL@883 2 6-CflbfttS^CLKO?X 
73 i Lt (1/NHO) X'#mmt)L. *^IS]fiflffi#HS 
YNCT"J-t";ht4BK5ffl^Tt$aT'?4„ CCD 
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